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Real Party In Interest 
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Otsuka Pharmaceutical Co., Ltd. is the real party in interest. 
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II. Related Appeals And Interferences 

There are currently no other appeals or interferences, of which Appellant, Appellant's 
legal representative, or Assignee are aware, that will directly affect or be directly affected by or 
have a bearing on the Board's decision in the pending appeal. 
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III. Status Of Claims 

Claims 9-20 are currently pending and have been finally rejected by the Examiner. 
Appellant appeals the rejection of those claims. 

Further to 37 C.F.R. § 41.37(c)(l)(viii), the attached Appendix contains a clean copy of 
the claims. 
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IV. Status Of Amendments 

An Amendment After Final under 37 C.F.R. § 1.116 was filed on June 30, 2006, to 
propose corrections to clerical errors in claims 17 and 19. To date, the Amendment has not been 
acted upon by the Office. 
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V. Summary Of Claimed Subject Matter 

The present invention is based on the novel and non-obvious finding that isothiazole 
compounds according to claimed formula (I) have excellent urease inhibitory activity and an 
excellent anti-Helicobacter pylori ("H.pylori") activity. (E.g., Specification, pg. 3, 11. 17-21.) 
This is significant, because it has recently been made clear that urease, such as urease produced 
by H.pylori, has a close relationship to gastric mucosa injury and gastrointestinal disease, such as 
chronic gastritis and gastroduodenal ulcer. (E.g., Specification, pg. 1, 11. 9-13.) 

In this regard, the first independent claim, claim 9, is directed to a method of treating 
gastric mucosa injury caused by urease, which comprises administering to a person in need 
thereof a therapeutically effective amount of an isothiazole compound of formula (1). (E.g., 
Specification, pg. 3, 11. 27 - pg. 4, 11. 4.) The next independent claim, claim 16, is directed to a 
method of treating gastric mucosa injury caused by H.pylori, which comprises administering to a 
person in need thereof a therapeutically effective amount of an isothiazole compound of formula 
(1). (E.g., Specification, pg. 4, 11. 5-8.) The remainder of the independent claims, claims 17, 18, 
19, and 20 are directed, respectively, to methods of treating chronic gastritis caused by urease, 
gastroduodenal ulcer caused by urease, chronic gastritis caused by H.pylori, and treating a 
gastroduodenal ulcer caused by H.pylori. (E.g., Specification, pg. 3, 11. 22 - pg. 4, 11. 8.) In 
addition, claim 14 is directed to a method of treating gastric mucosa injury caused by urease 
according to claim 9, the method further comprising administering at least one additional 
pharmacologically active ingredient. (E.g., Specification, pg. 15, 11. 13-24.) 
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VI. Grounds Of Rejection 

Claims 9-20 stand rejected under 35 U.S.C. § 102(b) as being anticipated by Japanese 
Patent No. 04077476 to Hirai ("Hirai"). The Examiner has contended that Hirai inherently 
discloses use of a compound to treat ulcers by inhibiting urease or H.Pylori activity. (E.g., 
February 6, 2006, Office Action, pg. 2-3.) The Examiner has not contended that Hirai expressly 
discloses methods of treating gastric mucosa injury caused by urease or H.Pylori. The Examiner 
also has not contended that Hirai discloses methods of treating chronic gastritis. The Examiner 
has also not contended that Hirai discloses methods of treating gastric mucosa injury, where the 
method comprising administering at least one additional pharmacologically active agent. 
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VII. Argument 

A. Claim Group 1: Claims 9, 10, 12, 13, 15, 16, 18, and 20 
1. Summary Of Appellant's Position 

The presently appealed rejection under 35 U.S.C. § 102(b) over Hirai (JP04077476) 
necessarily fails because Hirai at most discloses the treatment of ulcers and does not inherently 
disclose the claimed methods of treating gastric mucosa injury caused by urease or KPylori. As 
made clear by the Federal Circuit's December 2005, Perricone v. Medicis Pharmaceutical Corp . 
decision, "[t]he issue" pertinent to an inherency-based rejection of a method of treatment claim 
directed to, for example, treating a specific type of injury "is not... whether [the prior art 
composition] if applied to [a damaged area] would inherently treat that damage, but whether [the 
prior art] discloses the application of its composition [to the specified type of damaged area]." 
77 USPQ2d 1321, 1328 (Fed. Cir. 2005). Just as not all skin surfaces are skin sunburn surfaces, 
Perricone at 1328, not all ulcers are caused by urease or KPylori. Therefore, the treatment of 
ulcers is not an inherent disclosure of the treatment of gastric mucosa injury caused by urease or 
KPylori . For example, the presently claimed methods are not inherent in Hirai 's treatment of 
ulcers or other conditions at least because, in the large number of ulcer patients not having injury 
caused by urease or Helicobacter pylori infection, the use of a compound according to Hirai 
would not and cannot treat injury caused by urease or Helicobacter pylori when neither is 
present or where neither is the cause of injury. 

In particular, after citing Hirai for disclosing the biological properties of certain 
compounds but without identifying any disclosure providing for the use of these compounds to 
treat gastric mucosa injury caused by urease or KPylori, the Examiner alleged that the present 
claims are inherently taught by Hirai because "[t]he method of treating ulcer in a patient using 
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the same prior art compound would inherently inhibit urease activity and helicobactor pylori 

activity of any mechanism. The mechanism of action fails to set a demarcation. ..." (February 6, 

2006, Office Action, pg. 2-3.) Just like Perricone, the question, however, is not what are the 

inherent properties of the compounds if used according to the presently claimed methods. 

Rather, the relevant question is whether the claimed methods are inherently disclosed by Hirai. 

They are not. 

2. Inherency For A Method Of Treatment Requires That The 

Claimed Method Is Necessarily And Always Achieved By The 
Prior Art Method 

To establish inherency, the evidence "must make clear that the missing descriptive matter 
is necessarily present in the thing described in the reference. ..." Continental Can Co. USA, Inc. 
v. Monsanto Co., 20 USPQ2d 1746, 1749 (Fed. Cir. 1991) (emphasis added). It is also well 
settled that "[ijnherency. . . may not be established by probabilities or possibilities. The mere fact 
that a certain thing may result from a given set of circumstances is not sufficient." Id. (internal 
citations omitted) (emphasis added). That is, the fact that a certain method or result may occur in 
some circumstances or under limited conditions is not sufficient to establish the inherency of that 
method or result. 

In this regard, the recent Federal Circuit decision in Perricone v. Medicis Pharmaceutical 
Corp . is particularly relevant. 77 USPQ2d at 1328. At issue in Perricone were, among other 
things, the inherent anticipation of claims directed to methods of treating or preventing skin 
sunburn comprising applying to the skin sunburn a composition having certain properties. Id at 
1323-24. The prior art reference had been found by the District Court to disclose a composition 
having the properties recited in the claim, and to further disclose the composition as "suitable for 
topical application to the skin or hair." Id at 1326. The Federal Circuit distilled the inherency 
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analysis to the question of whether the prior art's "disclosure of 'topical application' satisfies the 

[claimed] application step [to treat skin sunburn] . . . ." Id at 1 328. The inherent properties of the 

composition were not at issue, as "[n]ew uses of old products or processes are indeed patentable 

subject matter." IcL (citations omitted). 

In its analysis, the Court explained that for the claimed methods of treating skin sunburn, 

"[t]he issue is not... whether the [prior art's] lotion if applied to skin sunburn would inherently 

treat that damage, but whether [the prior art] discloses the application of its composition to skin 

sunburn." Id. at 1328. The Federal Circuit found that it did not: 

The disclosed use of [the prior art's] lotion, i.e., topical 
application, does not suggest application of [the prior art's] lotion 
to skin sunburn. In other words, the district court's inherency 
analysis goes astray because it assumes what [the prior art] neither 
disclosed nor rendered inherent. Because [the prior art] does not 
disclose topical application to skin sunburn, this court reverses the 
district court's holding that [the prior art] anticipates claims 1-4 
and 7 of the '693 patent. 

Perricone at 1328. 

The Court's holding expressly rejected reasoning that failed to recognize distinctions 
between the claimed method, which requires "applying to the skin sunburn," and the prior art's 
disclosed method, which only disclosed application to skin surfaces generally. The distinction is, 
of course, that "[s]kin sunburn is not analogous to skin surfaces generally." Perricone at 1328. 
As an illustration of this distinction, Perricone further noted that "the disclosure that a sunburn 
can be prevented by wearing a hat clearly does not anticipate a claim to the discovery that one 
can treat an existing sunburn by putting on a hat." Perricone at 1328 (emphasis added). 

In contrast to the claims requiring treatment of skin sunburn, the Court affirmed the 
holding of inherent anticipation for the claim (claim 8) directed more broadly to applying "[a] 
method for preventing sunburn damage to exposed skin surfaces, comprising topically applying 
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to said skin surfaces...." Perricone at 1328 (emphasis added). The reasoning finding inherent 

anticipation of this "prevention" claim was that "[b]ecause all skin surfaces are susceptible to 

sunburn damage, and because one can only realistically apply a composition to a skin surface 

when that surface is exposed, [the prior art's] 'topical application' encompasses the application 

step of claim 8." Perricone at 1328. 

Thus, by addressing the issues of what methods are and what methods are not inherently 
disclosed in a general or non-specific prior art reference, the Federal Circuit further clarified the 
relevant considerations for evaluating the inherency of a method directed to the use of known 
compounds. First, the disclosed use of a compound for some broad application, e.g. , topical 
application to the skin, is not an inherent disclosure of using the compound to treat specific types 
of conditions or areas, e.g., skin sunburn. Perricone at 1328. Second, and in contrast to the first 
principle, where there is no realistic distinction between the prior art method, e.g., topical 
application to the skin, and the claimed method, e.g., application to exposed skin, the later 
claimed method is inherently disclosed. Id. 

Appellants further note the Federal Circuit's decisions in Rapoport v. Dement, 254 F.3d 

1053 (Fed. Cir. 2001) and Jansen v. Rexall Sundown, Inc., 342 F.3d 1329, 1333-34 (Fed. Cir. 

2003), as being pertinent to the issue of inherent anticipation. In Rapoport, an appeal from an 

interference proceeding before the Board, the count at issue was: 

A method for treatment of sleep apneas comprising administration 
of a therapeutically effective amount of a Formula I azapirone 
compound or a pharmaceutically effective acid addition salt 
thereof to a patient in need of such treatment .... 

254 F.3d at 1056 (emphasis added). On appeal, the Federal Circuit interpreted the preamble 
phrase "for treatment of sleep apneas" to refer to sleep apnea treatment per se, not merely 
treatment of symptoms associated with sleep apnea. Id. at 1059. Specifically, one party in 
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Rapoport had argued that the count was anticipated by a reference disclosing the use of the 

claimed compound for treatment of anxiety and breathing difficulty, which are symptoms of 

sleep apnea, even though the reference did not provide for treatment of sleep apnea itself. Id. at 

1061. The Court rejected that argument. While the reference mentioned the possibility of 

administering the compound to patients suffering from sleep apnea, "[t]here is no disclosure in 

the [prior art reference that the compound] is administered to patients suffering from sleep apnea 

with the intent to cure the underlying condition ." Id. (emphasis added). Thus, since the claim 

was interpreted to require that the method be practiced with the intent to achieve the objective 

stated in the preamble, it was not anticipated by a reference lacking a teaching of treating sleep 

apnea. 

In Jansen v. Rexall Sundown, Inc., the Federal Circuit reaffirmed the holding of Rapoport 
that a claimed method of treatment is not invalidated by a prior art reference unless that reference 
provides for practicing the method with the intent to achieve the claimed objective. 342 F.3d 
1329, 1333-34 (Fed. Cir. 2003) ("In other words, administering the claimed vitamins in the 
claimed doses for some purpose other than [the claimed] treating or preventing macrocytic- 
megaloblastic anemia is not practicing the claimed method....") See also Glaxo Group Ltd. v. 
Teva Pharma. Inc., 2004 U.S. Dist. LEXIS 16750, at *56-57 (D. Del. 2004). 

3. It Is Uncontested That Not All Ulcers Are Caused By Urease 
Or H.Pylori 

The fact that not all ulcers are caused by urease or KPylori is well documented, 
uncontested, and of particular relevance to this case. It is particularly relevant because, just as 
the application of a composition to skin surfaces generally was not a disclosure of applying the 
composition to skin sunburn, Perricone at 1328, the treatment of ulcers generally, including those 
not associated with or caused by urease or Kpylori, is not the disclosure of treating gastric 
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mucosa injury caused by urease or H. pylori. The documented and uncontested facts are that 

ulcers can be independently caused by excess ATPase activity and irritants, such as non-steroidal 

anti-inflammatory ("NSAID") drugs like aspirin. Further, it is generally considered that 

Helicobacter pylori is distinct from ATPase activity, and directly injures gastric mucosa or 

produces inflammatory-causing factor which brings about epithelium cell injuries on gastric 

mucosa. Thus, as explained further below, based on evidence of record in this case, 

gastrointestinal ulcers can be caused by a variety of conditions or factors, including: 

1) infection with Helicobacter pylori, 

2) use of non-steroidal anti-inflammatory drugs: NSAIDs (e.g., 
aspirin), 

3) unusually strong digestive activity with excess secretion of 
gastric acid, or 

4) others (e.g., stress). 

See, e.g., "Reduce Your Risk" brochure from the American Gastroenterological Association and 
American Pharmacists Association (Attachment A).) 

For example, according to Huang, J.Q. et aL, Lancent 359:14-22, 2002 ("Huang") 
(Attachment B) both Helicobacter pylori infection and NSAID use independently and 
significantly increase the risk of peptic ulcer and ulcer bleeding (Huang, pg. 14, col. 1, 
Interpretation.) While having Helicobacter pylori infection and also taking NSAIDs increased 
the risk of bleeding ulcers, 1 a substantial portion of NSAID patients had ulcers in the absence of 
Helicobacter pylori infection . (Huang, pg. 14, col. 1, Findings, Interpretation.) Further, the 



The possibility that ulcer may be aggravated by both NSAIDs and Helicobacter pylori 
does change the fact that ulcers may be due to independent causes, such as NSAIDs alone in the 
absence of Helicobacter pylori infection, and that the treatment of these ulcers is not (even 
inherently) a treatment of injury caused by Helicobacter pylori infection or urease activity. 
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contribution of NSAIDs is significant, since peptic ulcer disease was significantly more common 

in NSAID users irrespective of Helicobacter pylori infection. (Huang, pg. 14, col. 1, Findings.) 

The fact that use of NSAIDs results in peptic ulcer by a mechanism different from that of 
Helicobacter pylori infection is further shown in Wolfe, M.M. et al.: N. Engl. J. Med., 
340:1888-1899, 1888 (1999) (Attachment C) ("Numerous reports have corroborated [that aspirin 
could cause gastric mucosal damage], and the introduction of more potent agents with an even 
greater propensity for toxic effects has increased the awareness of NSAID-induced 
gastroduodestal ulcers....") Wallace, J.L. et al: Gastroenterology, 119:706-714, 713 (2000) 
(Attachment D) ("In this study we focused on the suppression of COX activity by NSAIDs as a 
mechanism of gastric injury. Of course, NSAIDs have other actions unrelated to suppression of 
COX that contribute to damage. For example, many NSAIDs exert topical irritant effects that 
can contribute to mucosal injury."), and Langenbach, R. et al.: Cell 83:483-492, 484 (1995) 
(Attachment E) ("[W]hile NSAIDs have many beneficial effects, they can also cause adverse 
effects, the most common of which are gastrointestinal ulceration and nephrotoxicity. ..."). 

Thus, all gastrointestinal ulcers are not caused by or associated with urease or 
Helicobacter pylori infection . For this reason, the treatment of an ulcer generally, or more 
specifically, as one example, an ulcer caused by NSAIDs, would not inherently be treating injury 
caused by urease or Helicobacter pylori infection, which are not present, associated with, or the 
cause of all ulcers. 

4. Hirai Is directed To Treating Ulcers By Reducing Acid Via 
Proton-Pump Inhibition 

Hirai does not teach (expressly or inherently) or suggest a method for treating gastric 
mucosa injury caused by urease or Helicobacter pylori activity. To the contrary, the limited 
disclosure according to Hiria related to treating ulcers is as follows: 
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1) "It has been known that 2-[(3,5-dimethyl-4-methoxy-2- 
pyridyl)methylsulfinil]-5-methoxy-(lH)-benzimidazole 
(omeprazole) (a compound described in Japan kokai 54- 
141783) is clinically effective for suppressing gastric acid 
secretion as antiulcer agent by inhibiting H+, K+-adenosine 
triphosphatase (H+, K+ -ATP) which is an enzyme relating to 
the final stage of gastric acid secretion." (See Prior Art on 
page 4 of the English translation.) 

2) "The inventors made earnest studies on synthesis of 
benzisothiazolone derivatives and their pharmacological 
activity for years, consequently they discovered that the 
compounds of this invention have an enzymatic inhibition 
activity of H+, K+-adenosine triphosphatase over 100 times as 
much as that of above known omeprazole and become an 
excellent agent for preventing and treating ulcer, thus came to 
accomplish this invention." (See Problem to be Solved by the 
Invention on page 4 of the English translation.) 

3) "As described above, the compound (I) of this invention have 
excellent inhibitory action on H+, K+-ATPase and are useful 
for the prevention or treatment of gastrointestinal diseases, etc., 
of mankind, e.g., gastric ulcer, duodenal ulcer, or Zollinger- 
Ellison syndrome, etc." (See page 39 of English translation.) 

Thus, Hirai simply and only discloses a method of preventing or treating gastrointestinal diseases 
caused by "inhibitory action on H+, K+-ATPase," i.e., proton-pump inhibition (see below), 
according to administration of the compound (I). 

In this regard, many common ulcer treatments are similarly not directed to inhibition of 
urease or Helicobacter pylori activity. For example, the drug omeprazole (cited for comparative 
H + , K + -ATPase activity in Hirai, Abstract, pg. 4) is known as a "proton-pump" inhibitor due to 
its H + , K + -ATPase activity, which decreases the amount of acid produced in the stomach. (See 
entry for "Prilosec®", in Physicians 7 Desk Reference ("PDR"), pages 633-638, at 637 (2004) 
(Attachment F). Ulcers and other gastric conditions treated by omeprazole may be caused by 
other than urease or Helicobacter pylori infection, and the use of omeprazole for these conditions 
thus does not inhibit urease or Helicobacter pylori activity or treat injury caused thereby. (See 
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PDR at 636 (Prilosec® indicated for the treatment of, among other things, active duodenal ulcer, 

distinct from the treatment of duodenal ulcers associated with K pylori infection).) 

Accordingly, the disclosure of a compound (e.g., omeprazole or a compound according to 
Hirai) to treat ulcers is not necessarily the same as the use of that compound to inhibit urease or 
Helicobacter pylori activity. Indeed, according to the PDR, an antibiotic must be used with 
omeprazole to treat Helicobacter pylori infections associated with ulcers. (E.g., PDR at 636.) 

Since Hirai only suggests that their compounds have H + , K + -ATPase proton-pump 

activity, which are indicated for the treatment of ulcers not necessarily associated with or caused 

by urease or Helicobacter pylori, the use of a compound according to Hirai to treat ulcers would 

not necessarily inhibit urease or Helicobacter pylori or treat injury caused thereby. This is true 

regardless of whether the compound also has anti-urease or Helicobacter pylori activity. Thus, 

Hirai is silent about, among other things treating gastric mucosa injury, gastrointestinal ulcer, 

and chronic gastritis caused by urease or Helicobacter pylori . 

5. There Is No Legal Or Factual Support For The Inherency- 
Based Rejection 

In view of the above, there is no support for the Examiner to maintain that Hirai 
inherently discloses a method of treating gastric mucosa injury by inhibition of urease or anti- 
Helicobacter pylori activity, as more specifically set forth in the claims. The reference simply 
does not teach (or even suggest) the method as claimed. Among other things, in the large 
number of ulcer patients that do not have Helicobacter pylori infection or injury caused by 
urease or H.pylori, the use of a compound according to Hirai would not and cannot inherently 
treat injury caused by urease or Helicobacter pylori. 

The present facts are analogous to Perricone, and, indeed, even more compelling. In 
particular, at most, Hirai discloses use of a compound to treat ulcers generally. More precisely, 
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Hirai discloses the compound with reference to proton pump inhibitors, thereby indicating their 

compound to be applicable to treat ulcers requiring proton pump inhibition. (E.g., Hirai 

translation, pg. 4 ("The inventors made earnest studies on synthesis of benzisothiazolone 

derivatives and their pharmacological activity for years, consequently they discovered that the 

compounds of this invention have an enzymatic inhibition activity of H+, K+-adenosine 

triphosphatase over 100 times as much as that of above known omeprazole and become an 

excellent agent for preventing and treating ulcer, thus came to accomplish this invention"); pg. 

39 ("As described above, the compound (I) of this invention have excellent inhibitory action on 

H+, K+-ATPase of and are useful for the prevention or treatment of gastrointestinal diseases, 

etc., of mankind, e.g., gastric ulcer, duodenal ulcer, or Zollinger-Ellison syndrome, etc.").) 

Accordingly, rather than a general treatment, as was the case with the prior art in Perricone, Hirai 

is specifically directed to ulcer treatment by proton-pump inhibition. Ulcers suitable for 

treatment by proton-pump inhibition are known, and have been shown by uncontested evidence, 

to include those with etiologies independent of urease and H.pylori infection. 

Thus, because Hirai does not teach any method for the treatment of gastric mucosa injury 
caused by urease or H.pylori, Hirai fails to anticipate claims 9, 10, 12, 13, 15, 16, or 18. 

B. Claim Group 2: Claims 11, 17, and 19 

In addition to the reasons set forth above, which are incorporated herein, claims 11, 17, 
and 19 are directed towards treating chronic gastritis, as more specifically set forth therein. 
Hirai has not even been contended by the Examiner to teach or suggest a method of treating 
chronic gastritis, much less chronic gastritis caused by urease or HPylori. Accordingly, Hirai 
fails to anticipate claims 11, 17, and 19. 
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C. Claim Group 3: Claim 14 

In addition to the reasons set forth above, which are incorporated herein, claim 14 is 
directed to the method of claim 9 for treating gastric mucosa injury caused by urease, the method 
further comprising administering at least one additional pharmacological active ingredient. Hirai 
has not been cited for teaching any such method comprising using multiple active ingredients. 
Accordingly, Hirai fails to anticipate claim 14. 
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VIII. Conclusion 

For the reasons given above, pending claims 9-20 are allowable and reversal of the 
Examiner's rejection is respectfully requested. 

To the extent any extension of time under 37 C.F.R. § 1.136 is required to obtain entry of 
this Appeal Brief, such extension is hereby respectfully requested. If there are any fees due 
under 37 C.F.R. §§ 1.16 or 1.17 which are not enclosed herewith, including any fees required for 
an extension of time under 37 C.F.R. § 1.136, please charge such fees to our Deposit Account 
No. 06-0916. 



Respectfully submitted, 



FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 




Dated: July 2 1,2006 



By: 



Mark J. Feldstein 
Reg. No. 46,693 
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IX. Claims Appendix to Appeal Brief Under Rule 41.37(c)(l)(viii) 



Claims 1-8. (Cancelled) 



9. 



A method of treating gastric mucosa injury caused by urease, which comprises 



administering to a person in need thereof a therapeutically effective amount of an isothiazole 

compound represented by formula (1): 

o 



wherein R represents a hydrogen atom or an amino group, R represents a hydrogen atom, a 
lower alkyl group, or an acetyl group, and X represents a carbon atom or a nitrogen atom, or an 
adduct salt thereof. 

10. A method according to claim 9, wherein the isothiazole compound is at least one 
selected from the group consisting of l,2-benzoisothiazol-3(2H)-one, isothiazolo[5,4-b]pyridin- 
3(2H)-one, 5-amino-l,2-benzoisothiazol-3(2H)-one, N-methyl-l,2-benzoisothiazol-3(2H)-one 
and N-acetyl- 1 ,2-benzoisothiazol-3(2H)-one. 

11. A method according to claim 9, wherein the gastric mucosa injury comprises 
chronic gastritis. 

12. A method according to claim 9, wherein the gastric mucosa injury comprises 
gastroduodenal ulcer. 

13. A method according to claim 9, comprising administering the isothiazole 
compound in a daily dose of from about 0.1 to 100 mg/kg. 



R 




(D 
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14. A method according to claim 9, further comprising administering at least one 
additional pharmacologically active ingredient chosen from antibiotics, nitronidazole 
antiprotazoal agents, antiulcer drugs, and proton pump inhibitors. 

15. A method according to claim 9, wherein the urease comprises urease produced by 
Helicobacter pylori. 

16. A method of treating gastric mucosa injury caused by Helicobacter pylori, which 
comprises administering to a person in need thereof a therapeutically effective amount of an 
isothiazole compound represented by formula (1): 



wherein R 1 represents a hydrogen atom or an amino group, R 2 represents a hydrogen atom, a 
lower alkyl group, or an acetyl group, and X represents a carbon atom or a nitrogen atom, or an 
adduct salt thereof. 

17. A method of chronic gastritis caused by urease, which comprises administering to 
a person in need thereof a therapeutically effective amount of an isothiazole compound 
represented by formula (1): 



O 




(1) 



o 




(D 
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wherein R l represents a hydrogen atom or an amino group, R 2 represents a hydrogen 
atom, a lower alkyl group, or an acetyl group, and X represents a carbon atom or a nitrogen 
atom, or an adduct salt thereof. 

18. A method of treating a gastroduodenal ulcer caused by urease, which comprises 
administering to a person in need thereof a therapeutically effective amount of an isothiazole 
compound represented by formula (1): 



o 




1 9 

wherein R represents a hydrogen atom or an amino group, R represents a hydrogen 
atom, a lower alkyl group, or an acetyl group, and X represents a carbon atom or a nitrogen 
atom, or an adduct salt thereof. 

19. A method of chronic gastritis caused by Helicobacter pylori, which comprises 
administering to a person in need thereof a therapeutically effective amount of an isothiazole 
compound represented by formula (1): 



o 




wherein R 1 represents a hydrogen atom or an amino group, R 2 represents a hydrogen 
atom, a lower alkyl group, or an acetyl group, and X represents a carbon atom or a nitrogen 
atom, or an adduct salt thereof. 
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20. A method of treating a gastroduodenal ulcer caused by Helicobacter pylori, which 

comprises administering to a person in need thereof a therapeutically effective amount of an 

isothiazole compound represented by formula (1): 

o 




wherein R 1 represents a hydrogen atom or an amino group, R 2 represents a hydrogen 
atom, a lower alkyl group, or an acetyl group, and X represents a carbon atom or a nitrogen 
atom, or an adduct salt thereof. 
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X. Evidence Appendix to Appeal Brief Under Rule 41.37(c)(l)(ix) 

The references listed below are cited herein and included in this appendix. An indication 
of where each reference was made of record is provided in square brackets after each citation. 

A. "Reduce Your Risk" brochure from the American Gastroenterological Association and 
American Pharmacists Associations. [Submitted by Applicant on Oct. 14, 2004, as an 
Attachment to the Amendment of that date, which was referenced and responded to by the 
Examiner's Dec. 23, 2004, Office Action.] 

B. Huang, J.Q. et al., Lancent, 359:14-22 (2002). [Submitted by Applicant on June 20, 2005, 
with Amendment and RCE that were referenced and responded to by the Examiner's August 
19, 2005, Office Action.] 

C Wolfe, M.M. et al: N. Engl. J. Med., 340:1888-1899, 1888 (1999). [Submitted by Applicant 
on June 20, 2005, with Amendment and RCE that were referenced and responded to by the 
Examiner's August 19, 2005, Office Action.] 

D. Wallace, J.L. etal.: Gastroenterology, 119:706-714, 713 (2000). [Submitted by Applicant 
on June 20, 2005, with Amendment and RCE that were referenced and responded to by the 
Examiner's August 19, 2005, Office Action.] 

E. Langenbach, R. et al.: Cell, 83:483-492, 484 (1995). [Submitted by Applicant on June 20, 
2005, with Amendment and RCE that were referenced and responded to by the Examiner's 
August 19, 2005, Office Action.] 

R "Prilosec®", in Physicians' Desk Reference ("PDR"), pages 633-638, at 637 (2004). 

[Submitted by Applicant on Oct. 14, 2004, as an Attachment to the Amendment of that date, 
which was referenced and responded to by the Examiner's Dec. 23, 2004, Office Action.] 
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Role of Helicobacter pylori infection and non-steroidal anti- 
inflammatory drugs in peptic-ulcer disease: a meta-analysis 



Jia-Qing Huang, Subbaramiah Sridhar, Richard H Hunt 



Summary 

Background The relation between H pylori infection and use 
of non-steroidal anti-inflammatory drugs (NSAIDs) in the 
pathogenesis of peptic-ulcer disease is controversial We 
undertook a meta-analysis to address this issue. 

Methods By computer and manually we sought 
observational studies on the prevalence of peptic-ulcer 
disease in adult NSAID takers or the prevalence of H pylori 
infection and NSAID use in patients with peptic-ulcer 
bleeding. Summary odds ratios were calculated from the 
raw data. Tests for homogeneity were done. 

Findings Of 463 citations identified, 25 studies met 
inclusion criteria. In 16 studies of 1625 NSAID takers, 
uncomplicated peptic-ulcer disease was significantly more 
common in patients positive than in those negative for 
H pylori (341/817 [41-7%] vs 209/808 [25-9%]; odds ratio 
2-12 [95% CI 1-68-2-67]). In five controlled studies, peptic- 
ulcer disease was significantly more common in NSAID 
takers (138/385 [35-8%]) than in controls (23/276 
[8-3%]), irrespective of H pylori infection. Compared with 
H pylori negative individuals not taking NSAIDs, the risk of 
ulcer in H pylori infected NSAID takers was 61-1 
(9'98-373). H pylori infection increased the risk of peptic- 
ulcer disease in NSAID takers 3-53-fold in addition to the 
risk associated with NSAID use (odds ratio 19-4). Similarly, 
in the presence of risk of peptic-ulcer disease associated 
with H pylon infection (18-1), use of NSAIDs increased the 
risk of peptic-ulcer disease 3-55-fold. H pylori infection and 
NSAID use increased the risk of ulcer bleeding 1-79-fold 
and 4-85-fold, respectively. However, the risk of ulcer 
bleeding increased to 6-13 when both factors were present. 

Interpretation Both H pylori infection and NSAID use 
independently and significantly increase the risk of peptic 
ulcer and ulcer bleeding. There is synergism for the 
development of peptic ulcer and ulcer bleeding between 
H pylori infection and NSAID use. Peptic-ulcer disease is 
rare in H pylori negative non-NSAID takers. 

Lancet 2002; 359: 14-22 
See Commentary page 3 
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Introduction 

The relation between infection with Helicobacter pylori 
and use of non-steroidal anti-inflammatory drugs 
(NSAIDs) in the pathogenesis of peptic-ulcer disease is 
controversial, because studies examining these two risk 
factors in this disorder have had conflicting results. 1-4 
From conventional thinking, the presence of both these 
well-established risk factors for peptic-ulcer disease 
would be expected to increase the risk of the disease. 
However, this was not the case in several observational 
studies of patients taking NSAIDs, in which peptic-ulcer 
disease was less frequently diagnosed when H pylori 
infection was present than in patients without the 
infection. 5,6 Conflicting results have also been reported 
from randomised controlled clinical trials on whether 
eradication of H pylori infection retards ulcer healing 7,8 or 
reduces the risk of developing peptic-ulcer disease in 
NSAID takers. 9 ' 10 

The discrepancies probably reflect a complex relation 
between H pylori infection and NSAID-associated 
gastropathy as well as methodological heterogeneity 
between studies. For example, study populations have 
differed in terms of NSAID exposure, the controls used 
for comparison, and the definition of ulcer size. lU4B 
Therefore, there are four possible situations for H pylori 
infection and NSAID-associated gastropathy: no 
interaction, or additive, synergistic, or antagonistic 
effects between the two risk factors. The aims of this 
analysis were to review systematically the literature on 
the relation between H pylori infection and NSAID- 
associated gastropathy; to assess the presence and 
magnitude of any possible interaction on peptic-ulcer 
disease between these two risk factors; to examine any 
possible interaction between the two risk factors with 
respect to the site of ulcer or ulcer bleeding; and to 
explore any sources of heterogeneity between the 
published studies. 

Methods 

Design and procedures 

A computerised literature search was done in the 
MEDLINE, PubMed, and Cochrane databases for 
relevant systematic reviews published in any language 
between 1984 and October 2000, with the following 
MeSH terms and/or textwords: meta-analysis, systematic 
review, overview, NSAIDs, and pylori. 15 potentially 
relevant citations were identified. By previously 
described criteria 19 ' 20 and guidelines for the application of 
meta-analysis in epidemiological studies, 21 these reports 
were examined critically by one of the authors Q-QH). 
No review described a systematic search strategy, and 
methods to include reviewed articles and assessment of 
study validity and appropriate statistical analyses were 
not used. Thus, none of these reviews could be classified 
as a systematic review or meta-analysis. Our meta- 
analysis was therefore justified. 

The following inclusion criteria were used: 
observational (cross-sectional, case-control, or cohort) 
studies investigating the prevalence of peptic-ulcer 
disease in adult patients taking NSAIDs or the 
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prevalence of H pylori infection and NSAID use in 
patients with peptic-ulcer bleeding, and the relation 
between H pylori infection and NSAID-associated 
peptic-ulcer disease; documentation of peptic-ulcer 
disease or ulcer bleeding was required by endoscopy; and 
H pylori infection had to be confirmed by histology, 
culture, serology, or urea breath test. Duplicate 
publications or studies published only in abstract form 
were excluded. We also excluded studies in which 
patients had reported recent use (3-4 weeks before study 
entry) of antibiotics or anti-ulcer drugs or a history of 
gastric surgery. 

For the analysis of ulcer bleeding, in addition to these 
exclusion criteria, we applied an additional criterion to 
exclude studies that allowed enrolment of patients with 
non-ulcer gastrointestinal bleeding or gastric tumours 
and those receiving corticosteroids or anticoagulants. 

The following search terms (both as MeSH terms and 
as keywords) were used to identify potentially relevant 
primary studies in the three databases mentioned above, 
without language restriction: NSAIDs, pylori, and ulcer 
or ulcer bleeding. A search on links to related articles was 
also done wherever available. A recursive hand-search of 
the references of all articles reviewed and of the retrieved 
original studies was done to look for studies not 
identified by the computer search. The following 
journals were manually searched for potentially relevant 
articles from January 1989 to October 2000: 
Gastroenterology, Gut y American Journal of 
Gastroenterology, Alimentary Pharmacology and 
Therapeutics, Digestive Disease Sciences, European Journal 
of Gastroenterology and Hepatology, Scandinavian Journal 
of Gastroenterology, Journal of Clinical Gastroenterology, 
The Lancet, New England Journal of Medicine, Archives of 



Internal Medicine, British Medical Journal, JAMA, Annals 
of Internal Medicine, and Quarterly Journal of Medicine. 

The tide and abstract of all potentially relevant studies 
were screened for their relevance to the study question 
before retrieval of full articles. However, full articles were 
also scrutinised for relevance if the title and abstract were 
ambiguous. 

All searches were made independently by two 
reviewers (J-QH and SS). 

Data were extracted from each study by J-QH and SS 
by means of a structured spreadsheet. In the case of 
disagreement, a third reviewer (RHH) was consulted. 
Major items were the primary question of an individual 
study, study design, characteristics of case and control 
populations, major exclusion criteria, definition of ulcer 
or ulcer bleeding, diagnostic method for ulcer or ulcer 
bleeding, site of ulcer, definition of NSAID use, type of 
NSAID, test for H pylori infection, total number of cases 
and controls, percentage of smokers, concurrent 
treatment, and prevalence of H pylori infection and ulcer. 

The original investigators were contacted for further 
information on the site of ulcer or H pylori status where 
necessary. n ' 18 '"'" 

To assess the validity of each study, the following 
criteria were applied, modified from the guidelines for 
reading case-control studies proposed by Lichtenstein 
and colleagues: 24 an explicit statement of the research 
question and its relevance to the question of this meta- 
analysis; the methods for identification of cases and 
controls and their matching techniques; a clear statement 
of exclusion criteria for cases and controls; definition of 
NSAID exposure and peptic ulcer; the methods of data 
collection; and a description of analytical methods and 
sample size. To avoid subjective assessments, we did not 



Ref 


Design 


Primary question 


NSAID takers 


Mean age Controls 


Definition of 


Ulcer 










(years) 




NSAID use 


size 


11 


CC 


Effect of H pylori on NSAID- 
related gastropathy 


96 RA 


63-1 


96 dyspeptic patients 
matched by age and sex 


Chronic use 


Any size 


13 


cc 


Prevalence of H pylori and Gl 
mucosal lesions in NSAID takers 


96 IHD 


48 


50 non-JHD patients 
matched by age 


Dairy aspirin >4 weeks 


5*0-5 cm 


12 


Cohort 


Interaction between H pylori and 
NSAIDs on Gl mucosal damage 


38 healthy 
volunteers 


23-5 


13 healthy individuals 
matched by age and sex 


Dairy use for 4 weeks 


2=0-5 cm 


18 


CC 


Mucosal blood flow in NSAID users 
and effect of H pylori 


70 RA/OA 


54* 


17 dyspeptic patients, 
matched by age and sexf 


>4 weeks 


5=0-5 cm 


14 


CC 


Relation of H pylori to gastric 
lesions in NSAID takers 


85 RA 


53 


100 non-RA patients 
matched by age and sex 


Chronic use >1 month 


Not given 


15 


CC 


Interaction between H pylori and 
NSAIDs on PUD 


99 patients 
for endoscopy 


57-5 


331 patients, unmatched 


Regular use before 
or within 1 month 


s=0-5 cm 


16 


CC 


Interaction between H pylori and 
NSAIDs on Gl mucosal damage 


76 RA 


59 


97 patients with abdominal 
symptoms, unmatched 


Chronic use 5=3 months 


Not given 


17 


CC 


Interaction between H pylori 
and NSAIDs on gastric mucosa 


174 RA 


59* 


44 RA, non NSAID 
users, unmatched 


>4 weeks 


3=0-5 cm 


62 


cs* 


Interaction between H pylori and 
NSAIDs on PUD 


181 RD 


61-5 


Not available 


Chronic use >3 months 


s&0«5 cm 


58 


cs 


Interaction between H pylori and 
NSAIDs on Gl mucosal damage 


128 dyspeptic 
patients 


79-5 


Not available 


Any time in the 7 
days before 


Not given 


7 


cs 


H pylori eradication 

on healing PUD in NSAID takers 


246 RD 


57-5 


Not available 


Daily use >4 weeks 


s*0«5 cm 


59 


cs 


Interaction between H pylori and 
NSAIDs on PUD 


82 RD 


54 


Not available 


Chronic use >3 months 


5*0-5 cm 


60 


cs 


Interaction between H pylori and 
NSAIDs on PUD 


75 RA/OA 


21-75§ 


Not available 


Chronic use 


5*0-5 cm 


5 


csu 


Interaction between H pylori and 
NSAIDs on PUD 


50 RA 


65* 


Not available 


Dairy use >6 months 


5*0-5 cm 


61 


cs 


Relation of H pylori to Gl mucosal 
damage 


85 RD 


54 


Not available 


>8 months 


Not given 


63 


cs 


Relation of H pylori to Gl mucosal 


52 RA 


52-8 


Not available 


Not given 


Not given 



damage 

CC=case control; RA=rheumatoid arthritis; GI=gastro intestinal; IHD=ischaemic heart disease; OA=osteoarthritis; PUD=pepticnjlcer disease; CS=cross-sectional; 
RD=rheumatoid diseases. * Median. fNo data on H pylori status for controls. tPatients were from one group of a previously finished randomised trial. §Range. 
^Designed as case-control, but no endoscopy was done in controls. 

Table 1: Studies examining the relation between H pylori infection and NSAID use in patients with uncomplicated peptic-ulcer 
disease (listed in order of year of publication) 
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Study ref 


Odds ratio (95% CI) Varianc 


e Weigh 
study 


tof Contribution 
to O 


14 


0.74(0.28-1-96) 0-25 


3-98 


13-16 


18 


4-27 (0-97-18-8) 0-57 


1-75 


0-006 


12 


21-9 (0-39-1216) 4-20 


0-24 


0-60 


13 


18-1 (6-17-53-0) 0-30 


3-32 


6-37 


11 


7-59(3-05-18-9) 0-22 


4-61 


1-23 


All 


5-54 


13-9 


21-37 



g 100 
1 80- 



Cochrane Q 21-37, df=4, p<0-001. 

Table 2: Contribution of each study to the Cochrane Q, the 
statistical test of heterogeneity in a fixed-effects model 

generate an overall quality score, but validity criteria 
were used to rank studies. For example, a study with a 
clearly defined control group matched for age, sex, or 
both would be ranked more highly than one with a 
poorly matched control group or no controls. 
Disagreements were resolved by discussion and 
consensus between the researchers. 

The following considerations were applied to 
determine the combinability of the individual studies for 
meta-analysis: study design, matching techniques in 
case-control studies, methods used for measuring 
outcome, and the biological plausibility. We also took 
into account the differences between individual results 
and the summary estimate of the odds ratio and the 
results of the tests for homogeneity. 

Statistical analysis 

The following statistical techniques were used to analyse 
the data, where appropriate. Summary odds ratio and 
95% CI were calculated from the raw data of the selected 
studies by the method of DerSimonian and Laird in a 
random-effects model. The Breslow-Day method was 
used to test for homogeneity under the null hypothesis 
that the odds ratios were consistent across the selected 
studies. However, in the presence of statistical 
heterogeneity, we searched for the sources of any 
possible clinically important heterogeneity (ie, 
methodological or biological heterogeneity). We did not 
simply exclude outliers on the basis of the statistical test 
of homogeneity, because heterogeneity is expected rather 
than the exception in meta-analysis in epidemiological 
studies. 25,26 

Subgroup or sensitivity analyses under a random- 
effects model were carried out where appropriate. 

The measurement of agreement between observers 
was expressed as the k coefficient (PC agree). All other 
statistical analyses were done with EasyMa Software for 
Meta-analysis (EasyMa 2000). 

Results 

Publications 

The literature search in the three databases generated 
463 citations, and screening of citation tides and 
abstracts identified 61 potentially relevant studies for full 
article retrieval. Of these, 36 studies were subsequently 
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Figure 1: Prevalence of peptic-ulcer disease among NSAID 
takers and controls by H pylori status 

excluded: H pylori eradication study;*" 10 treatment trial 
with omeprazole or H 2 -receptor antagonists or 
misoprostol; 27 "* 9 no baseline endoscopy data; 30 no raw 
data on peptic-ulcer disease or H pylori status; 31 " 50 
inclusion of patients negative for H pylori only;" 
inclusion of patients recently exposed to H 2 -receptor 
antagonists;"" all patients had peptic-ulcer disease; 54 - 55 
no contemporary control in patients with bleeding 
peptic-ulcer disease; 22 patients with ulcer perforation; 56 
and review article. 57 

Manual search of the references of the retrieved 
articles and major relevant medical journals did not yield 
any new studies. 

The inter-observer agreement on study selection was 
high (k=0-946). 

Uncomplicated peptic-ulcer disease 
1 6 studies provided raw data on the prevalence of peptic- 
ulcer disease in 1633 NSAID takers (table 1)."' ,M *" 
However, data on H pylori status were available for only 
1625 patients. The pooled frequency of peptic-ulcer 
disease was 41-7% (341/817) in H pylori positive NSAID 
takers and 25-9% (209/808) in NSAID takers negative 
for H pylori, which gives a summary odds ratio of 2- 12 
(95% CI 1-68-2-67; Breslow-Day test p=0-43). Similar 
results were found when studies were grouped by study 
design, with a summary odds ratio of 3-53 (2-16-5-75) 
for controlled studies with matching for age, sex, or both, 
and 1-83 (1-41-2-38) for non-controlled studies. 

Because individual patients' data were not available, 
analysis of age-adjusted prevalence of H pylori infection 
was not possible. However, plotting of study-specific 
odds ratios against mean or median age in each study did 
not identify any association between age and study 
findings (Pearson correlation coefficient -0*402, 
p=0-138). 

Eight controlled studies compared the frequency of 
uncomplicated peptic-ulcer disease in NSAID takers and 



Study ref 


PUD in NSAID tal 


cars 




PUD in non-NSAID takers 




Number of cases/total 


Odds ratio (95% CI) 


Number of cases/total 


Odds ratio (95% CI) 


H pylori positive 


H pylori negative 


H pylori positive 


H pylori negative 


14 


3/26 


4/59 


1-79 (0-37^8-66) 


11/59 


0/41 


38-5 (0-72-2071) 


18 


17/30 


10/40 


3-92 (1-42-10-9) 


2/13 


0/4 


3-40 (0-05-246) 


12 


9/24 


2/14 


3-60 (0-65-19.9) 


0/8 


0/5 


0-64 (0-002-181) 


13 


49/65 


11/31 


5-57 (2-20-14-1) 


4/13 


0/37 


68-5 (1-14-4124) 


11 


17/35 


16/61 


2-66 (1-11-6-37) 


6/34 


0/62 


55-1 (0-99^3078) 


Summary 






3-53 (2-16-5-75) 






18-1 (2-64-124) 



PUD=peptio-ulcer disease. Breslow-Day test for homogeneity gave p=0-72 for PUD in NSAID takers, and p=0-32 for that in norvNSAID takers. 
Table 3: Analysis of studies with controls matched for age and sex by H pylori status 
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Study ref 


PUD In NSAID takers 




PUD in non-NSAID 


takers 




Cases/total 




Odds ratio (95% CI) 


Cases/total 




Odds ratio (95% CI) 


H pylori positive 


H pylori negative 


H pylori positive 


H pylori negative 


18 


17/30 


10/40 


3-92 (1.42-10-9) 


2/13 


0/4 


3-40 (0-05-246) 


12 


9/24 


2/14 


3-60 (0-65-19-9) 


0/8 


0/5 


0-64 (0-002-181) 


13 


49/65 


11/31 


5-57 (2-20-14.1) 


4/13 


0/37 


68-5 (1-14-4124) 


11 


17/35 


16/61 


2-66 (1.11-6-37) 


6/34 


0/62 


55-1 (0-99-3078) 



PUD=peptic ulcer disease. Breslow-Day test for homogeneity gave p=0-73 for PUD in NSAID takers and p=0-25 in non-NSAID takers. Odds ratio for H pylori positive 
NSAID takers vs H pylori negative NSAID takers 3-79 (2-27-6-34); for H pylori positive NSAID takers vs H pylori positive non-NSAID takers 5-62 (2-73-11-6); for 
H pylori positive NSAID takers vs H pylori negative non-NSAID takers 77-3 (10-3-581); for H pylori negative NSAID takers vs H pylori negative non-NSAID takers 
21-6 (2-82-166); and for H pylori positive non-NSAID takers vs H pylori negative non-NSAID takers 14-4 (1-60-129). 

Table 4: Sensitivity analysis of controlled studies with matching for age, sex, or both, by H pylori status 



non-NSAID takers (table l). 11 " 18 NSAID takers and 
controls were not matched by age in three of these 
studies. 15-17 Because H pylori infection is age dependent, 
we therefore analysed the prevalence of H pylori infection 
only in the remaining five studies. 11-1418 In the study by 
Kordecki and colleagues, 13 two age-matched control 
groups were used for comparison with the NSAID 
takers. One consisted of patients with a similar primary 
diagnosis of disease to the NSAID takers, but with a 
history of peptic-ulcer disease. Furthermore, these 
controls might have received anti-ulcer treatment before 
study entry and cannot be considered as true controls. 
The other control group consisted of patients about to 
undergo surgery who had no history of peptic-ulcer 
disease. For our analysis, the latter control group was 
used. 

Overall, H pylori infection was diagnosed in 46*8% 
(180/385) of the NSAID takers and 46-0% (127/276) of 
the controls. There was no significant difference in the 
pooled prevalence of the infection between the two 
groups (summary odds ratio 0-88 [95% CI 0-28-2-79], 
Breslow-Day test p<0 001). However, peptic-ulcer 
disease was significantly more common in NSAID takers 
than in controls (138/385 [35-8%] vs 23/276 [8-3%]; 
summary odds ratio 5-14 [1-35-19-6]; Breslow-Day test 
p<0-001) irrespective of H pylori infection. 

Table 2 shows study-specific odds ratios of the five 
controlled studies 11-1418 in a fixed-effects model, and the 
contribution of each study to the test of heterogeneity. 
The results show that the heterogeneity was caused 
predominantly by Caselli and colleagues' study, 14 
because no significant heterogeneity was found after 
exclusion of that study (Breslow-Day test p=0-39). 

In the study by Caselli and colleagues, 14 the exclusion 
criteria were not provided for the selection of controls. 
We could not be sure, therefore, whether patients with a 
history of peptic-ulcer disease were included in the 
control group. A sensitivity analysis that excluded this 
study gave a summary odds ratio of 9-41 (5*05-17-5). 

Figure 1 illustrates the prevalence of peptic-ulcer 
disease in NSAID takers and controls by H pylori status. 

The risk of peptic-ulcer disease associated with 



H pylori infection, without NSAID exposure, was 
calculated by comparing the difference in the frequency 
of peptic-ulcer disease between controls who were 
positive and negative for H pylori (odds ratio 18-1 
[2-64-124]; table 3). 11 " 1418 

The risk of peptic-ulcer disease associated with 
NSAID use, without H pylori infection, was estimated by 
comparing the difference in the prevalence of peptic- 
ulcer disease between H pylori negative NSAID takers 
and H pylori negative controls (odds ratio 19-4 
[3-14-120]). 1 '- 14 ' 18 

In the presence of H pylori infection, the use of 
NSAIDs increased the risk of peptic-ulcer disease 3-55- 
fold (1-26-9-96). Similarly, in the presence of NSAID 
exposure, H pylori infection increased the risk of peptic- 
ulcer disease 3-53-fold (216-5-75; table 3). 11-14 - 18 
However, when the comparison was between NSAID 
takers with H pylori infection and controls without the 
infection, the risk of peptic-ulcer disease increased to 
61-1 (9-98-373). 

Table 4 shows the results of sensitivity analysis with 
Caselli and colleagues' study excluded. 

Among the five controlled studies with matching for 
age, sex, or both, four studies provided data on the site of 
the ulcer. 11 ' 12,14 ' 18 Table 5 gives the frequency of gastric 
and duodenal ulcer by H pylori status in the four studies 
and the estimated risk of developing a gastric or 
duodenal ulcer. 

Bleeding peptic-ulcer disease 

The literature search identified nine case-control studies 
assessing the prevalence of H pylori infection and NSAID 
use in 893 patients with bleeding peptic ulcer and 1002 
controls without bleeding (table 6). 25,64-71 

Overall, the prevalence of H pylori infection was 73-6% 
(657/893) in the cases and 67-3% (674/1002) in the 
controls, yielding a summary odds ratio of 1-67 (95% 
CI 1 02-2-72; Breslow-Day, p<0 001; figure 2). 
Histology, rapid urease test, and culture have shown 
significantly higher false-negative rates than serology for 
diagnosis of H pylori infection in patients with bleeding 
peptic ulcers. 72,73 We therefore undertook subgroup 



Study ref Gastric ulcer Duodenal ulcer 

NSAID takers: cases/total Non-NSAID takers: cases/total NSAID takers: cases/total Non-NSAID takers: cases/total 



H pylori positive H pylori negative H pylori positive H pylori negative H pylori positive H pylori negative H pylori positive H pylori negative 



14 


1/26 (4%) 


4/59 (7%) 


2/59 (3%) 


0/41 


2/26 (8%) 


0/59 


9/59 (15%) 


0/41 


11 


13/35 (37%) 


16/61 (26%) 


3/34 (9%) 


0/62 


4/35 (11%) 


3/61 (5%) 


3/34 (9%) 


0/62 


12 


3/24 (13%) 


2/14 (14%) 


0/8 


0/5 


6/24 (25%) 


0/14 


0/8 


0/5 


18 


10/30 (33%) 


5/40 (13%) 


0/13 


0/4 


7/30 (23%) 


5/40 (13%) 


2/13 (15%) 


0/4 


Odds ratio 


1-72 




4-07 




2-77 




9.14 




(95% CI) 


(0-92^3-20) 




(0.39-42-9) 




(1.12-6-88) 




(1-02-81-8) 





Breslow-Day test for homogeneity gave p=0«4 for gastric ulcer in NSAID takers; p=0-41 for gastric ulcer in non-NSAICKakers; p=0-42 for duodenal ulcer in NSAID 
takers; and p=0-51 for duodenal ulcer in non-NSAID-takers. 



Table 5: Analysis of effects of H pylori infection and NSAID use on the site of peptic ulcer 
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Study ref 


Primary question 


Study 


Cases and diagnosis of Gl bleeding 


Mean age Controls 


NSAID use 






design 




(years) 






64 


Interaction between 


CC 


185 patients with bleeding PU verified 


55 


185 hospital controls. 


<1 week 




H pylori and NSAIDs in 




by clinical and endoscopic findings 




matched by age and sex 


before entry 




PU bleeding 












23 


Role of H pylori and NSAIDs CC 


97 patients with haematemesis or melaena 


66 


97 patients undergoing 


<7 days of 




in PU bleeding 




1 week before entry and with endoscopic 
stigma of recent bleeding 




endoscopy without PU r 
matched by age and sex 


endoscopy 


65 


Role of H pylori in NSAID 


CC 


73 patients with haematemesis, melaena or 


80 


73 non-bleeding patients, 


<7 days of 




associated Gl bleeding 




anaemia with a loss of >3 g/dL haemoglobin 
and with endoscopic stigma of recent bleeding 




matched by endoscopic 
diagnosis, age and sex 


endoscopy 


66 


Interaction between 


CC 


72 patients with endoscopically verified 


69 


72 non-GI patients. 


<1 week 




H pylori and NSAIDs in 




PU bleeding 




matched by age, sex, 


before entry 




upper Gl bleeding 








and race 




67 


Role of H pylori in PU 


CC 


132 NSAID users with endoscopically 


72* 


136 NSAID users with 


<1 week 




bleeding in NSAID users 




verified Gl bleeding from PU or haemo- 
rrhagic gastritis 




no sign of Gl bleeding, 
matched by age and sex 


before entry 


68 


Interaction between H pylori 
and NSAIDs in PU bleeding 


CC 


82 patients with PU bleeding verified 
by endoscopy 


75 


93 hospital controls, 
matched by age and sex 


Not given 


69 


Role of H pylori and 


CC 


100 patients with GU bleeding verified 


67 


117 patients with non- 


Within 4 weeks 




NSAID use in GU bleeding 




by clinical and endoscopic findings 




bleeding GU, matched by sex 


before entry 


70 


Prevalence of H pylori 


CC 


106 patients with haematemesis or 


68 


30 healthy volunteers. 


<1 week 




and relation to NSAIDs 




melaena from PU verified by endoscopy 




matched by region and 


before entry 




in PU bleeding 








socioeconomic status 




71 


Prevalence of H pylori and 


CC 


46 patients with endoscopically 


23-83f 


199 patients with non-bleeding 


1 month 




NSAID use in PU bleeding 




diagnosed PU bleeding 




PU, matching data unknown 


before entry 



Gl=gastrointestinal; PU=peptic ulcer; CC=case-control; GU=gastric ulcer; *Median. fRange. 

Table 6: Studies examining the relation between H pylori infection and NSAID use in patients with peptic-ulcer bleeding 



analyses according to H pylori testing methods. The 
summary odds ratio was estimated at 2-16 (1*54-3-04) 
for studies that used serology (figure 3). 66 - 68 70 The test of 
homogeneity was not significant for these studies 
(Breslow-Day p=0-32). The summary odds ratio for 
studies that used non-sero logical tests was 124 
(0-50-3 08) 3 with a highly significant test of homogeneity 
(Breslow-Day p<0- 00 1 ) ."mmmmi 

Seven of the nine studies provided comparable data on 
the prevalence of NSAID use in cases and 
controls. 23,64 ~ 66 ' 68,69 ' 71 The prevalence of NSAID use was 
59-7% (391/655) in the cases and 27-4% (230/839) in 
the controls, giving a summary odds ratio of 4-79 
(3-78-6-06; Breslow-Day p= 0-3). 

Of the nine studies, six had controls matched for age, 
sex, or both. 25 * 64-68 The pooled prevalence of H pylori 
infection in these studies was 70-2% (450/641) in the 
cases and 56-1% (368/656) in the controls, yielding a 
summary odds ratio of 1-79 (0-97-3-32; Breslow-Day 
p<0-001), irrespective of the method of testing for 



Study Year 


Cases 


71 1996 


46 


68 1997 


82 


65 1997 


73 


70 1998 


106 


67 1999 


132 


23 1999 


97 


64 1999 


185 


66 1999 


72 


69 2000 


100 


Summary odds ratio 



-2 



— i 1 - 

2 3 



8 



Odds ratio 



Figure 2: Study-specific and summary odds ratios in all case- 
control studies assessing the prevalence of H pylori infection 
in patients with bleeding ulcers 

Odds ratio is represented by oval or diamond symbol; 95% CI by 
horizontal lines. 



H pylori infection. In subgroup analyses on H pylori 
testing methods, the summary odds ratio for studies that 
used serology was 2-13 (1-38-3-31; Breslow-Day 
p=0-19). 66 ~* 8 For studies that used non-serological tests, 
the summary odds ratio was 1-42 (0-38-5-28; Breslow- 
Day p<0-001). 23 ' 64 * 65 

Of the six case-control studies, 23,64-68 the pooled 
prevalence of NSAID use was 58-6% (357/609) in the 
cases and 23-5% (150/637) in the controls, giving a 
summary odds ratio of 4-85 (3-77-6-23; Breslow-Day 
p=0-21). 

In the comparison between H pylori infected NSAID 
takers (64-5%, 149/231) and H pylori negative controls 
not taking NSAID (23-0%, 40/174), the risk of 
developing ulcer bleeding was 613 (3 93-9- 56). 23,64 This 
value is almost the sum of the two odds ratios estimated 
for H pylori infection (1-79) and NSAID use (4-85). 



Studies using serological tests 

Study Year Cases 
68 1997 82 
70 1998 106 
67 1999 132 
66 1999 72 
Summary odds ratio 



-2 -1 0 

Studies using other tests 

Study Year Cases 
71 1996 46 — 
65 1997 73 
23' 1999 97 
64 1999 185 
69 2000 100 -« 
Summary odds ratio — 



-1 0 



-i 1 1 r- 

2 3 4 5 

Odds ratio 



Figure 3: Study-specific and summary odds ratios in studies 
using serology or other tests for H pylori infection 
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Discussion 

Previous studies have shown that H pylori infection or 
use of NSAIDs confers a three-fold to four-fold 
increased risk of peptic-ulcer disease. 74-76 However, 
whether the magnitude of the risk reported in these 
studies was for the individual or combined contribution 
of H pylori infection and NSAIDs to the development of 
peptic-ulcer disease or ulcer complications was not 
known. 

We have found, in this systematic review, that a third 
of patients taking NSAIDs long term had gastric or 
duodenal ulcers, irrespective of H pylori status and study 
design. However, peptic-ulcer disease was significantly 
more common in H pylori infected NSAID takers than 
in takers without the infection, suggesting a possible 
interaction between NSAID use and H pylori infection 
for the development of peptic ulcer. 

Because the prevalence of H pylori infection is 
significantly age dependent, assessment of the effect of 
H pylori infection on NSAID-associated peptic-ulcer 
disease in age-matched controlled studies is meaningful. 
In studies for which an age-matched control group was 
available, NSAID use increased the risk of peptic ulcer 
five-fold compared with non-NSAID takers, irrespective 
of H pylori status. However, H pylori infection increased 
the risk of peptic ulcer disease 3-5-fold and 18-fold in 
NSAID takers and controls, respectively. The odds ratio 
of 3*5 among NSAID takers is explained by the 
increased risk of peptic-ulcer disease in the presence of 
H pylori infection in addition to the risk associated with 
NSAID use (odds ratio 19-4). The extremely large odds 
ratios seen in the comparisons between control 
populations might have resulted from a zero event rate 
in H pylori negative controls, because statistical 
modelling by adding a constant pseudo-count of 1 to the 
analysis yielded a more meaningful and reliable odds 
ratio (6-36 [95% CI 2-21-18-3]). Nevertheless, the 
results are consistent with clinical and epidemiological 
data that peptic-ulcer disease is related primarily to 
H pylori infection and NSAID use. 77 

No peptic-ulcer disease was seen in patients without 
H pylori infection who were not taking NSAIDs in the 
five controlled studies (figure l). ll - 14 » 18 Therefore, this 
population is the true control population for assessment 
of any possible interaction between H pylori infection 
and NSAID use for the development of peptic-ulcer 
disease. As shown in this analysis, the effect of H pylori 
infection and NSAID use on peptic-ulcer disease, as 
shown by the magnitude of risk, was additive when 
H pylori infected NSAID takers were compared with the 
true controls; the results were confirmed by sensitivity 
analyses, which suggests a synergism for the 
development of peptic-ulcer disease between these two 
risk factors. 

Another uncertainty is whether, in NSAID takers, 
H pylori infection is an important risk factor for gastric 
ulcer as it is for duodenal ulcer, on the basis of the 
existing evidence. 5,7,lWB,5w5 Most published studies did 
not separate patients by the location of ulcer and 
reported these ulcers together. 5,7 ' l3>15 - 17,58 - 63 Our pooled 
analysis of four studies showed that H pylori infection is 
less closely associated with gastric ulcer than with 
duodenal ulcer in both NSAID takers and control 
groups, 11 ' 121418 although this result might have been 
caused by a small sample size. Nevertheless, the results 
suggest that NSAID use has a major role in the 
development of gastric ulcer, whereas duodenal ulcer is 
more closely related to H pylori infection. The mixed 
patient population may have contributed to the 



conflicting published results. Therefore, future studies 
should separate clearly patients with gastric ulcer from 
those with duodenal ulcer when examining the relation 
between H pylori infection and NSAID-associated 
peptic-ulcer disease. 

There has been debate over the clinical importance of 
endoscopically detected gastric and duodenal ulcers 
associated with NSAID use because of a weak relation 
between endoscopically observed gastroduodenal 
mucosal lesions and symptoms. 78,79 However, previous 
studies have not taken H pylori infection into account. 76 
Therefore, whether there is any relation between 
endoscopically observed ulcers and symptoms in 
patients infected with H pylori is not known. Thus, 
results from studies of patients with ulcer complications 
may provide more important and clinically relevant 
information on the interaction between H pylori 
infection and NSAID use. In this systematic review, we 
found that NSAID use (odds ratio 4-85) was 
significantly more common in patients with bleeding 
peptic ulcer than in controls, whereas H pylori infection 
(1-79) only marginally increased the risk of ulcer 
bleeding. However, when both risk factors coexist, the 
magnitude of the risk was additive (6- 13), which 
suggests that both H pylori infection and NSAID use 
contribute to peptic-ulcer bleeding with NSAIDs having 
a major role, on the basis of the magnitude of the risk 
ratio. 

The recent debate over the role of H pylori infection in 
NSAID-associated peptic-ulcer disease has been fuelled 
largely by the conflicting results from two randomised 
controlled clinical trials. 9 ' 10 The differences between 
these two studies have been extensively reviewed 
elsewhere. 80,81 The panel summarises major differences 
in the methodology and findings. These differences are 
fundamental and may help to explain the contrasting 
conclusions from these two studies. 

Whether eradication of H pylori infection retards ulcer 
healing in NSAID takers is also controversial. 7,8 Chan 
and colleagues reported, in a randomised clinical trial of 
195 H pylori infected patients with NSAID-associated 
bleeding ulcer, that eradication of the infection did not 
impair ulcer healing compared with antisecretory 
treatment alone. 8 By contrast, Bianchi Porro and 
colleagues found that ulcer healing rate was reduced by 
H pylori eradication, although successful eradication of 



Major differences between studies by Chan and 
:- colleagues 8 and Hawkey and colleagues 10 



; Features 

Population 

| Long-term NSAID use 
I Ulcer history 



| Definition of ulcer 
I NSAID used 
Eradication regimen 

Followup period 
Ulcer by randomisation 

Eradication 

Controls 
Ulcer by final H pylori 
status 

H pylori eradicated 

H pylori persisted 



Chan et aP 

Chinese 
Excluded 
Excluded 



^5 mm! 
Naproxen 

1 week 
bismuth triple 

2 months 



Hawkey etjal£ 

European ; 
Included 

Included (6% more 
ulcer at entry in the 
eradication group) 

3*3 mm 
Various 

liweek omeprazole 

triple 

6 months 



7% 
26% 



2-5% 
26% 



44% 

47% 



Not provided 
Not provided 
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the infection decreased ulcer recurrence by 15% during 
6 months of follow-up compared with patients with 
persistent infection. 7 More recently, Chan and 
colleagues reported that H pylori eradication was as 
effective as omeprazole maintenance treatment for 
preventing ulcer rebleeding in users of low-dose aspirin, 
but not in patients taking naproxen, 82 which suggests 
that H pylori eradication cannot replace maintenance 
treatment with antisecretory agents in regular NSAID 
takers at high risk of ulcer bleeding. 

The results of secondary analyses of two large cohort 
studies, ASTRONAUT and OMNIUM, are also 
difficult to interpret and compare with the findings of 
our analysis because of study design and the primary 
question of continuous maintenance treatment with 
antisecretory agents or misoprostol in long-term NSAID 
takers. 27 ' 29 H pylori infection is known to increase the 
antisecretory effect of omeprazole, 83,84 which might 
partly explain the difference in ulcer remission between 
H pylori positive and negative patients. 80 ' 81 

In this study, we identified several sources of 
heterogeneity through sensitivity and subgroup analyses, 
which might help explain the conflicting results and 
opinions previously published. For example, in the 
comparison of uncomplicated peptic-ulcer disease, 
unclear selection criteria for the control population 
used in Caselli and colleagues' study 14 accounted for 
more than half of the heterogeneity among the five 
controlled studies. In studies examining the relation 
between H pylori infection and NSAID use in ulcer 
bleeding, different testing methods for H pylori infection 
led to the heterogeneity in the overall and subgroup 
analyses. 

There are likely to be other sources of heterogeneity 
that have not been identified in this analysis. There are 
also several limitations. For instance, the prevalence of 
H pylori infection could not be adjusted by age because 
of the lack of individual patients' data; NSAID takers 
had various underlying disorders, and different control 
populations were used. Furthermore, patients could 
have been exposed to different NSAIDs or aspirin with 
varying ulcerogenic potency. Different definitions of 
ulcer could also be a source of bias. Finally, the 
conclusions drawn from subgroup analyses might be 
limited by small sample sizes. Nevertheless, we believe 
that meta-analysis is a useful tool for systematically 
assessing the totality of evidence and to provide 
directions for future studies. The results of this analysis 
may provide grounds for a biologically meaningful 
argument that the interaction between H pylori infection 
and NSAID use in peptic-ulcer disease is consistent 
across different populations of patients and study 
designs. 

In conclusion, H pylori infection and NSAID use 
independently increase the risk of peptic-ulcer disease 
and ulcer bleeding. There is synergism for the formation 
of peptic ulcer and ulcer bleeding between these two risk 
factors. Peptic-ulcer disease is rare in H pylori negative 
non-NSAID takers. 

Contributors 

Jia-Qing Huang and Richard Hunt initiated the project, contacted 
the original investigators for raw data, and wrote the article; 
Jia-Qing Huang and Subbaramiah Sridhar did the literature search, 
data extraction, and validity assessment. Jia-Qing Huang did all the 
statistical analyses; Richard Hunt was consulted on all issues and 
discrepancies during the process of the study. 

Conflict of interest statement 
None declared. 



Acknowledgments 

We thank P Ekstrom (Sweden), J-P Kuyvenhoven (Netherlands), 
M Voutilainen (Finland), CYWu (China), and R I Russell (UK) for 
their generosity in providing us with the raw data from their studies, 
and Stephen Walter for his helpful advice on statistical analysis. 



References 

1 Graham DY. Role of Helicobacter pylori in NSAID gastropathy: can 
H pylori infection be beneficial? In: Hunt RH, Tytgat GNJ, eds. 
Helicobacter pylori: basic mechanisms to clinical cure 2000. London: 
Kluwer Academic Publishers, 2000: 453-60. 

2 Chan FKL, Sung JJY. How does Helicobacter pylori infection interact 
with non-steroidal anti-inflammatory drugs? Baillieres Clin 
Gastroenterol 2000; 14: 161-72. 

3 Hawkey CJ. Helicobacter pylori and non-steroidal anti-inflammatory 
drugs. In: Hunt RH, Tytgat GNJ, eds. Helicobacter pylori: basic 
mechanisms to clinical cure 2000. London: Kluwer Academic 
Publishers, 2000: 461-66. 

4 Hawkey CJ. Nonsteroidal anti-inflammatory drug gastropathy. 
Gastroenterology 2000; 119: 521-35. 

5 Loeb DS, Talley NJ, Ahlquist DA, Carpenter HA, Zinsmeister AR. 
Long-term nonsteroidal anti-inflammatory drug use and 
gastroduodenal injury: the role of Helicobacter pylori. Gastroenterology 
1992; 102: 1899-905. 

6 Vcev A, Ivandic A, Vceva A, et al. Infection with Helicobacter pylori 
and long-term use of non-steroidal antiinflammatory drugs. Acta Med 
Croatica 1998; 52: 27-31. 

7 Bianchi Porro G, Parente F, Imbesi V, Montrone F, Caruso I. Role 
of Helicobacter pylori in ulcer healing and recurrence of gastric and 
duodenal ulcers in longterm NSAID users: response to omeprazole 
dual therapy. Gut 1996; 39: 22-26. 

8 Chan FK, Sung JJ> Suen R, et al. Does eradication of Helicobacter 
pylori impair healing of nonsteroidal anti-inflammatory drug 
associated bleeding peptic ulcers? A prospective randomized study. 
Aliment Pharmacol Ther 1998; 12: 1201-05. 

9 Chan FKL, Sung JJY, Chung SCS, et al. Randomised trial of 
eradication of Helicobacter pylori before non-steroidal anti- 
inflammatory drug therapy to prevent peptic ulcers. Lancet 1997; 
350: 975-79. 

10 Hawkey CJ, Tulassay Z, Szczepanski L, et al. Randomised controlled 
trial of Helicobacter pylori eradication in patients on non-steroidal 
anti-inflammatory drugs: HELP NSAIDs study. Lancet 1998; 352: 
1016-21. 

1 1 Voutilainen M, Sokka T, Juhola M, Farkkila M, Hannonen P. 
Nonsteroidal anti-inflammatory drug-associated upper 
gastrointestinal lesions in rheumatoid arthritis patients: relationships 
to gastric histology, Helicobacter pylori infection, and other risk factors 
for peptic ulcer. ScandJ Gastroenterol 1998; 33: 811-16. 

1 2 Santucci L, Fiorucci S, Patoia L, Di Matteo FM, Brunori PM, 
Morelli A. Severe gastric mucosal damage induced by NSAIDs in 
healthy subjects is associated with Helicobacter pylori infection and 
high levels of serum pepsinogens. Dig Dis Sci 1995; 40: 2074-80. 

13 Kordecki H, Kurowski M, Kosik R, Pilecka D. Is Helicobacter pylori 
infection a risk or protective factor for mucosal lesions development 
in patients chronically treated with acetylsalicylic acid? J Physiol 
Pharmacol 1997; 48 (suppl 4): 85-91. 

14 Caselli M, Pazzi P, LaCorte R, Aleotti A, Trevisani L, Stabellini G. 
Campylobacter-likR organisms, nonsteroidal anti-inflammatory drugs 
and gastric lesions in patients with rheumatoid arthritis. Digestion 
1989; 44: 101-04. 

15 Shallcross TM, Rathbone BJ, Wyatt JL Heatley RV. Helicobacter 
pylori associated chronic gastritis and peptic ulceration in patients 
taking non-steroidal anti-inflammatory drugs. Aliment Pharmacol Ther 
1990;4:515-22. 

16 Mizokami Y, Tamura K, Fukuda Y, Yamamoto I, Shimoyama T. 
Non-steroidal anti-inflammatory drugs associated with 
gastroduodenal injury and Helicobacter pylori. Eur J Gastroenterol 
Hepatol 1994; 6 (suppl 1): SI 09-1 2. 

17 Taha AS, Nakshabendi I, Lee FD, Sturrock RD, Russell RI. 
Chemical gastritis and Helicobacter pylori related gastritis in patients 
receiving non-steroidal anti-inflammatory drugs: comparison and 
correlation with peptic ulceration. J Clin Pathol 1992; 45: 135-39. 

18 Taha AS, Angerson W, Nakshabendi I, et al. Gastric and duodenal 
mucosal blood flow in patients receiving non-steroidal anti- 
inflammatory drugs — influence of age, smoking, ulceration and 
Helicobacter pylori. Aliment Pharmacol Ther 1993; 7: 41-45. 

19 Oxman AD, Cook DJ, Guyatt GH, for the Evidence-Based Medicine 
Working Group. Users' guide to the medical literature, VI: how to 
use an overview. JAMA 1994; 272: 1367-71. 

20 Cook DJ, Sackett DL, Spitzer WO. Methodologic guidelines for 
systematic reviews of randomized control trials in health care from 



20 THE LANCET ■ Vol 359 • January 5, 2002 • www.thelancet.com 

For personal nse« Ctoiy reprcsdyc© with permission from The Lancet PybSishSmg Groyp, 



ARTICLES 



the Potsdam consultation on meta-analysis. J Clin Epidemiol 1995; 
48: 167-71. 

21 Blair A, Burg J, Foran J, et al. Guidelines for application of meta- 
analysis in environmental epidemiology. Regul Toxicol Pharmacol 
1995; 22: 189-97. 

22 Kuyvenhoven JP, Veenendaal RA, Vandenbroucke JP. Peptic ulcer 
bleeding: interaction between non-steroidal anti-inflammatory drugs, 
Helicobacter pylori infection, and the ABO blood group system. Scand 
J Gastroenterol 1999; 34: 1082-86. 

23 Wu CY, Poon SK, Chen GH, Chang CS, Yeh HZ. Interaction 
between Helicobacter pylori and non-steroidal anti-inflammatory drugs 
in peptic ulcer bleeding. Scand J Gastroenterol 1999; 34: 234-37. 

24 Lichtenstein MJ, Mulrow CD, Elwood PC. Guidelines for reading 
case-control studies. J Chron Dis 1987; 40: 893-903. 

25 Colditz GA, Burdick E, Mosteller F. Heterogeneity in meta-analysis 
of data from epidemiologic studies: a commentary. Am J Epidemiol 
1995; 142: 371-82. 

26 Berlin JA. Invited commentary: benefits of heterogeneity in meta- 
analysis of data from epidemiologic studies. Am J Epidemiol 1995; 
142: 383-87. 

27 Hawkey CJ, Karrasch JA, Szczepanski L, et al. Omeprazole 
compared with misoprostol for ulcers associated with nonsteroidal 
antiinflammatory drugs: OMNIUM Study Group. N Engl J Med 
1998; 338: 727-34. 

28 Taha AS, Dahill S, Morran C, et al. Neutrophils, Helicobacter pylori, 
and nonsteroidal anti-inflammatory drug ulcers. Gastroenterology 
1999; 116: 254-58. 

29 Yeomans ND, Tulassay Z, Juhasz L, et al. A comparison of 
omeprazole with ranitidine for ulcers associated with nonsteroidal 
antiinflammatory drugs: ASTRONAUT Study Group. N Engl J Med 
1998; 338: 719-26. 

30 Ekstrom P, Carling L, Wetterhus S, et al. Prevention of peptic ulcer 
and dyspeptic symptoms with omeprazole in patients receiving 
continuous non-steroidal anti-inflammatory drug therapy: a Nordic 
multicentre study. Scand J Gastroenterol 1996; 31: 753-58. 

3 1 Goggin PM, Collins DA, Jazrawi RP, et al. Prevalence of Helicobacter 
pylori infection and its effect on symptoms and non-steroidal anti- 
inflammatory drug induced gastrointestinal damage in patients with 
rheumatoid arthritis. Gut 1993; 34: 1677-80. 

32 Henriksson K, Uribe A, Sandstedt B, Nord CE. Helicobacter pylori 
infection, ABO blood group, and effect of misoprostol on 
gastroduodenal mucosa in NSAID-treated patients with rheumatoid 
arthritis. Dig Dis Set 1993; 38: 1688-96. 

33 Heresbach D, Raoul JL, Bretagne JF, et al. Helicobacter pylori: a risk 
and severity factor of non-steroidal anti-inflammatory drug induced 
gastropathy. Gut 1992; 33: 1608-11. 

34 Iglehart IW, Edlow DW, Mills L, Morrison SA, Hochberg MC. The 
presence of Campylobacter pylori in nonsteroidal antiinflammatory 
drug associated gastritis. J Rheumatol 1989; 16: 599-603. 

35 Kulkarni SG, Parikh SS, Borges NE, et al. Long-term anti- 
inflammatory drug use and Helicobacter pylori infection: a clinical, 
endoscopic and histological study. Indian J Gastroenterol 1996; 15: 
118-21. 

36 Laine L, Cominelli F, Sloane R, Casini-Raggi V, Marin-Sorensen M, 
Weinstein WM. Interaction of NSAIDs and Helicobacter pylori on 
gastrointestinal injury and prostaglandin production: a controlled 
double-blind trial. Aliment Pharmacol Ther 1995; 9: 127-35. 

37 Lanza FL, Evans DG, Graham DY. Effect of Helicobacter pylori 
infection on the severity of gastroduodenal mucosal injury after the 
acute administration of naproxen or aspirin to normal volunteers. Am 
J Gastroenterol 1991; 86: 735-37. 

38 Lipscomb GR, Wallis N, Armstrong G, Goodman MJ, Rees WD. 
Influence of Helicobacter pylori on gastric mucosal adaptation to 
naproxen in man. Dig Dis Sci 1996; 41: 1583-88. 

39 Lipscomb GR, Campbell F, Rees WD. The influence of age, gender, 
Helicobacter pylori and smoking on gastric mucosal adaptation to non- 
steroidal anti-inflammatory drugs. Aliment Pharmacol Ther 1997; 11: 
907-12. 

40 Martin DF, Montgomery E, Dobek AS, Patrissi GA, Peura DA. 
Campylobacter pylori, NSAIDs, and smoking: risk factors for peptic 
ulcer disease. Am J Gastroenterol 1989; 84: 1268-72. 

41 Maxton DG, Srivastava ED, Whorwell PJ, Jones DM. Do non- 
steroidal anti-inflammatory drugs or smoking predispose to 
Helicobacter pylori infection? Postgrad Med J 1990; 66: 717-19. 

42 Peterson WL, Lee E, Feldman M. Relationship between 
Campylobacter pylori and gastritis in healthy humans after 
administration of placebo or indomethacin. Gastroenterology 1988; 
95: 1185^97. 

43 Schubert TT, Bologna SD, Nensey Y, Schubert AB, Mascha EJ, 
Ma CK. Ulcer risk factors: interactions between Helicobacter pylori 
infection, nonsteroidal use, and age. Am J Med 1993; 94: 
413-18. 



44 Seppala K, Pikkarainen P, Sipponen P, Kivilaakso E, Gormsen MH. 
Cure of peptic gastric ulcer associated with eradication of Helicobacter 
pylori. Gut 1995; 36: 834-37. 

45 Taha AS, Sturrock RD, Russell RI. Mucosal erosions in long-term 
non-steroidal anti-inflammatory drug users: predisposition to 
ulceration and relation to Helicobacter pylori. Gut 1995; 36: 334-36. 

46 Taha AS, Dahill S, Nakshabendi I, Lee FD, Sturrock RD, Russell 
RI. Duodenal histology, ulceration, and Helicobacter pylori in the 
presence or absence of non-steroidal anti-inflammatory drugs. Gut 
1993; 34: 1162-66. 

47 Taha AS, Sturrock RD, Russell RI. Helicobacter pylori and peptic 
ulcers in rheumatoid arthritis patients receiving gold, sulfasalazine, 
and nonsteroidal anti-inflammatory drugs. Am J Gastroenterol 1992; 
87: 1732-35. 

48 Thillainayagam AV, Tabaqchali S, Warrington SJ, Farthing MJG. 
Interrelationships between Helicobacter pylori infection, nonsteroidal 
antiinflammatory drugs and gastroduodenal disease: a prospective 
study in healthy volunteers. Dig Dis Sci 1994; 39: 1085-89. 

49 Gubbins GP, Schubert TT, Attanasio F, Lubetsky M, Perez-Perez 
GI, Blaser MJ. Helicobacter pylori seroprevalence in patients with 
rheumatoid arthritis: effect of nonsteroidal anti-inflammatory drugs 
and gold compounds. Am J Med 1992; 93: 412-18. 

50 Tseng GY, Lin HJ, Lin HY, et al. Effect of non-steroidal anti- 
inflammatory drugs on gastric and duodenal prostaglandin 
concentrations in patients with Helicobacter pylori infection. 
Hepatogastroenterology 1999; 46: 1000-04. 

51 Hyvarinen H, Salmenkyla S, Sipponen P. Helicobacter pylori-negative 
duodenal and pyloric ulcer: role of NSAIDs. Digestion 1996; 57: 
305-09. 

52 Jones ST, Clague RB, Eldridge J, Jones DM. Serological evidence of 
infection with Helicobacter pylori may predict gastrointestinal 
intolerance to non-steroidal anti-inflammatory drug (NSAID) 
treatment in rheumatoid arthritis. Br J Rheumatol 1991; 30: 
16-20. 

53 Hudson N, Balsitis M, Filipowicz F, Hawkey CJ. Effect of 
Helicobacter pylori colonisation on gastric mucosal eicosanoid 
synthesis in patients taking non-steroidal anti-inflammatory drugs. 
Gut 1993; 34: 748-51. 

54 Laine L, Marin-Sorensen M, Weinstein WM. Nonsteroidal 
antiinflammatory drug-associated gastric ulcers do not require 
Helicobacter pylori for their development. Am J Gastroenterol 1992; 87: 
1398^02. 

55 Publig W, Wustinger C, Zandl C. Non-steroidal anti-inflammatory 
drugs (NSAID) cause gastrointestinal ulcers mainly in Helicobacter 
pylori carriers. Wien Klin Wochenschr 1994; 106: 276-79. 

56 Ng EKW, Chung SCS, Sung JJY, et al. High prevalence of 
Helicobacter pylori infection in duodenal ulcer perforations not caused 
by non-steroidal anti-inflammatory drugs. Br J Surg 1996; 83: 
1779^81. 

57 Taha AS, Russell RI. Helicobacter pylori and non-steroidal anti- 
inflammatory drugs: uncomfortable partners in peptic ulcer disease. 
Gut 1993; 34: 580-83. 

58 Pilorto A, Franceschi M, Leandro G, Di Mario F, Valerio G. The 
effect of Helicobacter pylori infection on NSAID-related 
gastroduodenal damage in the elderly. Eur J Gastroenterol Hepatol 
1997; 9:951-56. 

59 Li EK, Sung JJ, Suen R, et al. Helicobacter pylori infection increases 
the risk of peptic ulcers in chronic users of non-steroidal anti- 
inflammatory drugs. Scand J Rheumatol 1996; 25: 42-46. 

60 Graham DY, Lidsky MD, Cox AM, et al. Long-term nonsteroidal 
antiinflammatory drug use and Helicobacter pylori infection. 
Gastroenterology 1991; 100: 1653-57. 

6 1 Vcev A, Ivandic A, Vceva A, et al. Infection with Helicobacter pylori 
and long-term use of non-steroidal antiinflammatory drugs. Acta Med 
Croatica 1998; 52: 27-31. 

62 Kim JG, Graham DY. Helicobacter pylori infection and development 
of gastric or duodenal ulcer in arthritic patients receiving chronic 
NSAID therapy. Am J Gastroenterol 1994; 89: 203-07. 

63 Upadhyay R, Howatson A, McKinlay A, Danesh BJZ, Sturrock RD, 
Russell RI. Campylobacter pylori associated gastritis in patients with 
rheumatoid arthritis taking nonsteroidal anti-inflammatory drugs. 
Br J Rheumatol 1988; 27: 113-16. 

64 Santolaria S, Lanas A, Benito R, Perez-Aisa MA, Montoro M, 
Sainz R. Helicobacter pylori infection is a protective factor for bleeding 
gastric ulcers but not for bleeding duodenal ulcers in NSAID users. 
Aliment Pharmacol Ther 1999; 13: 151 1-18. 

65 Pilotto A, Leandro G, Di Mario F, Franceschi M, Bozzola L, 
Valerio G. Role of Helicobacter pylori infection on upper 
gastrointestinal bleeding in the elderly: a case-control study. Dig Dis 
Sci 1997; 42: 586-91. 

66 Labenz J, Peitz U, Kohl H, et al. Helicobacter pylori increases the risk 
of peptic ulcer bleeding: a case-control study. ItalJ Gastroenterol 
Hepatol 1999; 31: 110-15. 



THE LANCET • Vol 359 • January 5, 2002 • www.thelancet.com 2 1 

For personal use. Only reproduce with permission from The Lancet Publishing Group. 



ARTICLES 



67 Aalykkc C, Lauritsen JM, Hallas J, Reinholdt S, Krogfclt K, 
Lauritscn K. Helicobacter pylori and risk of ulcer bleeding among 
users of nonsteroidal anri-inflammatory drugs: a case-control study. 
Gastroenterology 1999; 116: 1305-09. 

68 Cullen DJ, Hawkey GM, Greenwood DC, et al. Peptic ulcer 
bleeding in the elderly: relative roles of Helicobacter pylori and non- 
steroidal anti-inflammatory drugs. Gut 1997; 41: 459-62. 

69 Ng TM, Fock KM, Khor JL, et al. Non-steroidal anti-inflammatory 
drugs, Helicobacter pylori and bleeding gastric ulcer. Aliment 
Pharmacol Titer 2000; 14: 203-09. 

70 Henriksson AE, Edman AC, Nilsson I, Bergqvist D, Wadstrom T. 
Helicobacter pylori and the relation to other risk factors in patients 
with acute bleeding peptic ulcer. ScandJ Gastroenterol 1998; 33: 
1030-33. 

71 al-Assi MT, Genta RM, Karttunen TJ, Graham DY. Ulcer site and 
complications: relation to Helicobacter pylori infection and NSAID 
use. Endoscopy 1996; 28: 229-33. 

72 Tu TC, Lee CL, Wu CH, et al. Comparison of invasive and 
noninvasive tests for detecting Helicobacter pylori infection in bleeding 
peptic ulcers. Gastrointest Endosc 1999; 49: 302-06. 

73 Colin R, Czernichow P, Baty V, et al. Low sensitivity of invasive tests 
for the detection of Helicobacter pylori infection in patients with 
bleeding ulcer. Gastroenterol Clin Biol 2000; 24: 3 1-35. 

74 Kurata JH, Nogawa AN. Meta-analysis of risk factors for peptic 
ulcer: nonsteroidal antiinflammatory drugs, Helicobacter pylori> and 
smoking. J Clin Gastroenterol 1997; 24: 2-17. 

75 Nomura A, Stemmermann GN, Chyou PH, Perez-Perez GI, 
Blaser MJ. Helicobacter pylori infection and the risk for duodenal and 



gastric ulceration. Ann Intern Med 1994; 120: 977-81. 

76 Hawkey CJ. Non-steroidal anti-inflammatory drugs and peptic 
ulcers. BMJ 1990; 300: 278-84. 

77 Huang JQ, Hunt RH. The management of acute gastric and 
duodenal ulcer. In: Wolf MM, ed. Therapy of digestive disorders: a 
companion to Sleisenger and Fordtran's gastrointestinal and liver 
disease. Philadelphia: WB Saunders, 2000: 113-26. 

78 Huang JQ, Hunt RH. A clinician's view of strategies for preventing 
NSADD-induced gastrointestinal ulcers. Inflammopharmacology 1996; 
4: 17-30. 

79 Hunt RH. NSAID-induced gastric ulcers: exploring the silent 
dilemma. Can J Gastroenterol 1990; 4: 89-90. 

80 Chan FKL, Sung JJY. How does H pylori infection interact with non- 
steroidal anti-inflammatory drugs? Baillieres Clin Gastroenterol 2000; 
14: 161-72. 

8 1 Yeomans ND, Garas G, Hawkey CJ. The non-steroidal anti- 
inflammatory drugs controversy. Gastroenterol Clin North Am 2000; 
29: 791-805. 

82 Chan FK, Chung SC, Suen BY, et al. Preventing recurrent upper 
gastrointestinal bleeding in patients with Helicobacter pylori infection 
who are taking low-dose aspirin or naproxen. N Engl J Med 2001; 
344: 967-73. 

83 Gillen D, Wirz AA, Neithercut WD, Ardill JE, McColl KE. 
Helicobacter pylori infection potentiates the inhibition of gastric acid 
secretion by omeprazole. Gut 1999; 44: 468-75. 

84 Verdu EF, Armstrong D, Fraser R, et al. Effect of Helicobacter pylori 
status on intragastric pH during treatment with omeprazole. Gut 
1995; 36: 539-43. 



Uses of error 

Learning experiences 

Chhanda Bewtra 

The year was 1979. I had just finished my residency 
training and joined my department as a brand new junior 
pathologist full of enthusiasm and brimming with 
self-confidence. I was taught by the old masters, who 
proclaimed diagnostic pathology as the last word, with no 
room for doubt or error. Reality was quite different. 

A 79-year-old heavy smoker presented with 
haemoptysis, chest pain, and a non-resolving large central 
lung mass. A bronchoscopy yielded large, atypical cells 
which I diagnosed as non-small-cell carcinoma and next 
day the entire lobe with the mass was resected. As I 
opened it up, I was aghast to see a large, organising 
infarct. The bronchial tree was clean. I couldn't see any 
tumours anywhere in the specimen. I submitted over 100 
sections to be sure I was not missing something, but it 
remained stubbornly a benign infarct. I remember the first 
shock and heart-stopping fear when I realised that I had 
made a major mistake. Then the desperation, a 
meticulous search all over the specimen for a non-existent 
tumour, followed by intense fear that my budding career 
was doomed. Then shame, and finally a lack of 
self-confidence that dogged me for weeks. I showed all the 
slides to my colleagues. Everyone agreed, it was an error, 
a false-positive diagnosis of cancer. I had notified the 



clinician immediately. He was an experienced pulm- 
onologist, and was not very perturbed. A large, non- 
resolving infarct like this needed to be resected. "No harm 
done", he said patronisingly, but I was so mortified that 
for a week I couldn't even visit the doctors' lounge, 
fearing everyone was talking about my shameful error. 
Obviously, as a neophyte, I was very self-conscious. I 
remember having an intense desire to go to the patient's 
room and apologise for my error. I decided this was not a 
good idea in such a litigious society. I still wish there were 
a safe outlet for physicians to acknowledge their errors. 

The patient recovered uneventfully. I did a literature 
search and found only one report of a pulmonary infarct 
with atypical cytology. I wrote up a modest research 
proposal to study this phenomemon, first in a canine 
model and later in a prospective human study. 
Fortunately, this study earned me my first research grant 
and numerous publications describing this dangerous 
pitfall in the diagnosis of lung cancer. I learnt a lesson 
here, and by subsequent research and publications I have 
tried to educate my peers about my mistake. I still have 
the slides and use them to teach medical students and 
residents about errors and how to handle them. Looking 
back, I smile ruefully at my intense reaction. 
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ONE hundred years have passed since Felix 
Hoffman, working at Bayer Industries, re- 
ported the successful synthesis of acetylsali- 
cylic acid as the first nonsteroidal antiinflammatory 
drug (NSAID). 1 * 2 At the suggestion of Hermann 
Dreser, Bayer's chief pharmacologist at the time, 3 the 
compound was called "aspirin" and was purported 
to represent a convenient mechanism for the delivery 
of salicylic acid in the treatment of rheumatic diseas- 
es, menstrual pain, and fever. 2 Approximately 40 years 
elapsed before Douthwaite and Lintott 4 provided 
endoscopic evidence that aspirin could cause gastric 
mucosal damage. Numerous reports have corrobo- 
rated this observation, 5 " 8 and the introduction of more 
potent agents with an even greater propensity for 
toxic effects has increased the awareness of NSAID - 
induced gastroduodenal ulcer and provided impetus 
for the development of effective NSAIDs with a more 
favorable safety profile. 

Starting in the early 1970s, numerous new NSAIDs 
were developed that were initially believed to be de- 
void of gastrointestinal toxicity, but few, if any, are 
entirely harmless. These agents constitute one of the 
most widely used classes of drugs, with more than 
70 million prescriptions and more than 30 billion 
over-the-counter tablets sold annually in the United 
States. 9 Although NSAIDs are generally well tolerat- 
ed, adverse gastrointestinal events occur in a small 
but important percentage of patients, resulting in 
substantial morbidity and mortality. 
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EPIDEMIOLOGY OF GASTROINTESTINAL 
COMPLICATIONS 

Because of the broad and nonspecific definitions 
of gastrointestinal disorders caused by the use of 
NSAIDs, as well as differences in patient populations, 
drugs, dosages, and periods of use, estimates of the 
prevalence of adverse effects vary greatly. In general, 
at least 10 to 20 percent of patients have dyspepsia 
while taking an NSAID, although the prevalence 
may range from 5 to 50 percent. 10 - 11 Within a six- 
month period of treatment, 5 to 15 percent of pa- 
tients with rheumatoid arthritis can be expected to 
discontinue NSAID therapy because of dyspepsia. 11 

According to prospective data from the Arthritis, 
Rheumatism, and Aging Medical Information Sys- 
tem (ARAMIS), 13 of every 1000 patients with 
rheumatoid arthritis who take NSAIDs for one year 
have a serious gastrointestinal complication. The risk 
in patients with osteoarthritis is somewhat lower 
(7.3 per 1000 patients per year). 12 

The rate of NSAID -related serious gastrointestinal 
complications requiring hospitalization has decreased 
in recent years. The decrease may be due, at least in 
part, to extensive medical-education campaigns that 
have persuaded physicians to use newer, less toxic 
NSAIDs and non-NSAID analgesics in populations 
at high risk. 12 

The mortality rate among patients who are hospi- 
talized for NSAID -induced upper gastrointestinal 
bleeding is about 5 to 10 percent. 13 An analysis of 
data from ARAMIS has shown that the mortality 
rate attributed to NSAID-related gastrointestinal tox- 
ic effects is 0.22 percent per year, with an annual 
relative risk of 4.21 as compared with the risk for 
persons not using NSAIDs. 12 Although the annual 
mortality rate is low, it must be emphasized that be- 
cause a large number of patients are exposed to 
NSAIDs, often for extended periods of time, the risk 
over a lifetime is substantial. In the United States, 
for instance, it is estimated that NSAIDs are used 
regularly by at least 13 million people with various 
arthritides. On the basis of these conservative figures 
and ARAMIS data, the annual number of hospital- 
izations in the United States for serious gastrointes- 
tinal complications is estimated to be at least 103,000. 
At an estimated cost of $15,000 to $20,000 per hos- 
pitalization, the annual direct costs of such compli- 
cations exceed $2 billion. 14 

It has been estimated, conservatively that 16,500 
NSAID-related deaths occur among patients with 
rheumatoid arthritis or osteoarthritis every year in 
the United States. This figure is similar to the num- 
ber of deaths from the acquired immunodeficiency 
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syndrome and considerably greater than the number 
of deaths from multiple myeloma, asthma, cervical 
cancer, or Hodgkin's disease (Fig. 1). 12 > 15 If deaths 
from gastrointestinal toxic effects of NSAIDs were 
tabulated separately in the National Vital Statistics 
reports, these effects would constitute the 15th most 
common cause of death in the United States. Yet 
these toxic effects remain largely a "silent epidemic," 
with many physicians and most patients unaware of 
the magnitude of the problem. 12 Furthermore, the 
mortality statistics do not include deaths ascribed to 
the use of over-the-counter NSAIDs. 

In a recent survey of 4799 Americans, 807 were 
identified who had taken NSAIDs (prescribed or 
over-the-counter drugs) at least twice in the past 
year for five or more consecutive days. 12 Approxi- 
mately 45 percent of the group took NSAIDs for 
five or more consecutive days at least once per month, 
and 40 percent took both over-the-counter and pre- 
scribed NSAIDs. Nearly 75 percent of those who 
used NSAIDs regularly were either unaware of or 
unconcerned about possible gastrointestinal compli- 
cations. In addition, almost two thirds of the regular 
users indicated that they would expect warning signs 
before the development of serious NSAID-induced 
complications. Only a minority of patients who have 
serious gastrointestinal complications report any an- 
tecedent dyspepsia. u > 13 In a study of patients with 
serious gastrointestinal complications, Singh et al. 11 
found that although the proportion of patients with 
prior symptoms was only slightly higher than the 
proportion with no prior symptoms (2.7 percent vs. 
2.0 percent), 81 percent of the patients reported no 
antecedent dyspepsia. 

RISK FACTORS FOR GASTROINTESTINAL 
COMPLICATIONS 

Because dyspeptic symptoms are not a reliable warn- 
ing sign, it is important to identify factors that in- 
crease the risk of serious gastrointestinal complica- 
tions and to determine methods for reducing this 
risk. A number of studies have been designed to 
identify patients who are most likely to have adverse 
effects of NSAID therapy (Table 1). 

Advanced age has been consistently found to be a 
primary risk factor for adverse gastrointestinal events. 
The risk increases linearly with age. 15 - 20 Although 
previous reports suggested that the risk diminishes 
over time, a recent study indicates that the risk of 
NSAID-associated gastrointestinal hemorrhage re- 
mains constant over an extended period of observa- 
tion. 12 Other risk factors that have been identified in 
multiple studies are higher doses of NSAIDs (in- 
cluding the use of two or more NSAIDs), a history 
of gastroduodenal ulcer or gastrointestinal bleeding, 
concomitant use of corticosteroids, serious coexist- 
ing conditions, and concomitant use of anticoagu- 
lants. 20 " 27 However, many of these studies are based 




Cause of Death 



Figure 1. U.S. Mortality Data for Seven Selected Disorders in 1997. 
A total of 16,500 patients with rheumatoid arthritis or osteo- 
arthritis died from the gastrointestinal toxic effects of NSAIDs. 
Data are from the National Center for Health Statistics and the 
Arthritis, Rheumatism, and Aging Medical Information System. 12 



Tabu 1 . Risk Factors for the 
Development of NSAID -Ass o ciated 
Gastroduodenal Ulcers . * 



Established risk factors 

Advanced age (linear increase in risk) 

History of ulcer 

Concomitant use of corticosteroids 

Higher doses of NSAIDs, including the use of more 

than one NSAID 
Concomitant administration of anticoagulants 
Serious systemic disorder 

Possible risk factors 

Concomitant infection with Helicobacter pylori 
Cigarette smoking 
Consumption of alcohol 



*Informarion on risk factors is from Singh and 
Triadafilopoulus, 12 Bjorkman, 16 Longstreth, 17 Greene 
and Winickoff," Gabriel et al., 19 Griffin et al.," Lang- 
man et al., 21 Garcia Rodriguez and Jick, 22 H alias 
et al., 23 Silverstein et al., 2 * Hochain et al., 25 Piper 
et al., 26 Shorr et al., 27 and Barkin." 



on univariate analysis and do not consider the inter- 
actions among multiple factors and coexisting con- 
ditions. 

The identification of Helicobacter pylori infection 
as a factor in the development of peptic ulcer has 
raised the question of a possible synergistic relation 
between the presence of H. pylori infection and 
NSAID use. Although several studies 29 ' 32 have found 
these two factors to be independent, two prospec- 
tive studies have suggested a synergistic relation. Bi- 
anchi Porro et al. 33 used the combination of amox- 
icillin and omeprazole to treat NSAID users infected 
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with H. pylori. They found that the eradication of 
H. pylori did not affect the rate of ulcer healing. 
However, six months after the end of combination 
therapy, the cumulative rate of recurrent ulcers was 
31 percent among the patients in whom H. pylori 
had been eradicated and 46 percent among those 
who were still infected. This difference was not sta- 
tistically significant. 

Chan et al. 34 found that the use of a regimen that 
included bismuth subcitrate to eradicate H. pylori 
significantly decreased the rate of ulcer development 
associated with the use of naproxen. In this study, 
gastroduodenal ulcers developed in 26 percent of 
H. pylori-infected persons, but in only 7 percent of 
those in whom the organism had been eradicated. 
The inclusion of bismuth in the drug regimen, how- 
ever, makes the findings somewhat ambiguous, be- 
cause bismuth can accumulate in the gastric mucosa 
and stimulate prostaglandin synthesis. 28 Most recent- 
ly, Hawkey et al. 35 randomly assigned 285 patients 
with current ulcers or a history of ulcers who were 
using NSAIDs to combined treatment with omepra- 
zole, clarithromycin, and amoxicillin or to treatment 
with omeprazole alone. They found that the eradi- 
cation of H. pylori did not affect the rate of recur- 
rent ulcer; in addition, ulcer healing was impaired 
even in the patients who were successfully treated 
with antibiotics for H. pylori infection. It thus ap- 
pears that infection with H. pylori increases the risk 
of gastroduodenal mucosal injury associated with 
NSAID use only minimally, if at ail. 28 

Singh et al. 36 recently proposed a simple, point- 
based algorithm that patients and their physicians 
can use to estimate the risk of an NSAID -related 
gastrointestinal complication. If confirmed by other 
investigators, this tool may help guide decisions about 
prescriptions for specific NSAIDs, the use of prophy- 
lactic agents, and the need for and frequency of pa- 
tient monitoring. 36 

PATHOGENESIS OF NSAID-INDUCED 
GASTRODUODENAL MUCOSAL INJURY 

Gastroduodenal mucosal injury develops when the 
deleterious effect of gastric acid overwhelms the nor- 
mal defensive properties of the mucosa. Concepts 
about NSAID-induced gastroduodenal mucosal inju- 
ry have evolved from a simple notion of topical injury 
to theories involving multiple mechanisms with both 
local and systemic effects (Fig. 2). The systemic effects 
are largely the result of the inhibition of endogenous 
prostaglandin synthesis. 37 Prostaglandin inhibition, in 
turn, leads to decreases in epithelial mucus, secretion 
of bicarbonate, mucosal blood flow, epithelial prolif- 
eration, and mucosal resistance to injury. 38 ' 39 The im- 
pairment in mucosal resistance permits injury by en- 
dogenous factors, including acid, pepsin, and bile 
salts, as well as by exogenous factors such as NSAIDs 
and possibly ethanol and other noxious agents. 



Topical Injury 

Mucosal injury is initiated topically by the acidic 
properties of aspirin and many other NSAIDs. Be- 
cause of a low dissociation constant, which varies ac- 
cording to the particular agent, these weak acids 
remain in their nonionized lipophilic form in the high- 
ly acidic gastric lumen. Such conditions favor migra- 
tion through the gastric mucus across plasma mem- 
branes and into surface epithelial cells, where NSAIDs 
are dissociated into the ionized form, resulting in 
trapping of hydrogen ions. 37 NSAIDs can also cause 
topical mucosal damage by diminishing the hydro- 
phobicity of gastric mucus, thereby allowing endog- 
enous gastric acid and pepsin to injure the surface 
epithelium. 39 In addition, topical mucosal injury may 
occur as a result of indirect mechanisms, mediated 
through the biliary excretion and subsequent duode- 
nogastric reflux of active NSAID metabolites. 40 ' 41 For 
example, although sulindac is administered as a non- 
toxic prodrug, its active metabolite, sulindac sulfide, 
is excreted into the bile. On entry into the duode- 
num, sulindac sulfide causes topical injury to the mu- 
cosa by virtue of its acidic properties. 

The Role of Prostaglandins 

Topical injury caused by NSAIDs contributes to 
the development of gastroduodenal mucosal injury. 
However, the systemic effects of these agents appear 
to have the predominant role, 37 > 42 > 43 largely through 
the decreased synthesis of mucosal prostaglandins. 44 
The use of enteric-coated aspirin preparations 44 and 
parenteral 45 or rectal 46 administration of NSAIDs in 
order to prevent topical mucosal injury has also failed 
to prevent the development of ulcers. Moreover, 
doses of aspirin as low as 30 mg are sufficient to sup- 
press prostaglandin synthesis in the gastric mucosa 47 

Prostaglandins are derived from arachidonic acid, 
which originates from cell-membrane phospholipids 
through the action of phospholipase A 2 (Fig. 3). The 
metabolism of arachidonic acid to prostaglandins 
and leukotrienes is catalyzed by the cyclooxygenase 
pathway and the 5 -lipoxygenase pathway, respective- 
ly. 1 ' 37 Two related but unique isoforms of cyclooxy- 
genase, designated cyclooxygenase-1 and cyclooxy- 
genase-2, have been demonstrated in mammalian 
cells. 48 ' 49 Despite their structural similarities, they are 
encoded by distinct genes and differ with regard to 
their distribution and expression in tissues. 50 ' 51 The 
cyclooxygenase-1 gene contains a promoter region 
without a TATA sequence and is primarily expressed 
constitutively. In contrast, the cyclooxygenase-2 gene 
is thought to be the inducible form that is nearly un- 
detectable in most (but not all) tissues under normal 
physiologic conditions. 

Cyclooxygenase-1 appears to function as a "house- 
keeping" enzyme in most tissues, including the gas- 
tric mucosa, the kidneys, and the platelets, whereas 
the expression of cyclooxygenase-2 can be induced 
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Figure 2. Mechanisms by Which NSAIDs Induce Gastroduodenal Mucosal Injury. 

According to the dual-injury hypothesis of Schoen and Vender, 37 NSAIDs have direct toxic effects on the gastroduodenal 
mucosa (solid arrows) and indirect effects through active hepatic metabolites and decreases in mucosal prostaglandins 
{broken arrows). Hepatic metabolites are excreted into the bile and subsequently into the duodenum, where they cause 
mucosal damage to the stomach by duodenogastric reflux and mucosal damage to the small intestine by antegrade pas- 
sage through the gastrointestinal tract. Adapted from Schoen and Vender. 37 
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Figure 3. Biosynthesis of Prostaglandins through the Cyclooxygenase Pathways. 
The immediate precursor of prostaglandins, arachidonic acid, is derived from membrane phospholip- 
ids and is catalyzed by the two cyclooxygenase isoenzymes (also designated as prostaglandin H syn- 
thase), cyc|ooxygenase-1 and cyc|ooxygenase-2. The gene for cyclooxygenase-1, the housekeeping en- 
zyme, is expressed constitutively and maintains the homeostasis of organs, including gastric mucosal 
integrity. In contrast, the gene for cyclooxygenase-2, the inflammatory enzyme, is inducible. Although 
both pathways can be variably inhibited by different NSAIDs, only the gene for cyclooxygenase-2 con- 
tains a corticosteroid-responsive repressor element in its promoter region. The broken arrows indicate 
the inhibitory effects of pharmacologic agents. 



Volume 340 Number 24 • 1891 



Downloaded from www.nejm.org by on June 1 5, 2006 . 
Copyright © 1999 Massachusetts Medical Society. All rights reserved. 



The New England Journal of Medicine 



by inflammatory stimuli and mitogens in many dif- 
ferent types of tissue, including macrophages and 
synovial cells. 43 It has thus been suggested that the 
antiinflammatory properties of NSAIDs are mediat- 
ed through the inhibition of cyclooxygenase-2, where- 
as adverse effects, such as gastroduodenal ulceration, 
occur as a result of effects on the constitutiveiy ex- 
pressed cyclooxygenase-l. 43 » 49 As discussed below, cur- 
rent strategies for developing NSAIDs with an im- 
proved safety profile include the selective inhibition 
of cyclooxygenase-2, with the sparing of cyclooxy- 
genase-1. 

Although there is substantial evidence that the sup- 
pression of gastric prostaglandins is the fundamental 
mechanism responsible for the gastrointestinal toxici- 
ty of NSAIDs, some studies suggest that other mech- 
anisms may be involved. For example, ulcers do not 
develop spontaneously in mice with a disrupted cy- 
clooxygenase-1 gene, 52 and Wallace et al. 53 > 54 reported 
that NSAID-induced injury occurred in association 
with enhanced adherence of neutrophils to the gastric 
vascular endothelium, as the result of an increase in 
the expression of intercellular adhesion molecule 1 in 
the basal endothelium. 55 " 58 Neutrophil adherence, 
in turn, causes mucosal injury through the release of 
oxygen-derived free radicals and proteases. 1 

CLINICAL SPECTRUM OF INJURY 

In the majority of patients, NSAID-induced gas- 
troduodenal mucosal injury is superficial and self-lim- 
ited. However, peptic ulcers develop in some patients, 
and they may lead to gastroduodenal hemorrhage, per- 
foration, and death. Serious complications of NSAID 
use that are less commonly recognized include pill 
esophagitis, small-bowel ulceration, small-bowel stric- 
tures, colonic strictures, diverticular disease, and ex- 
acerbations of inflammatory bowel disease. 9 

The spectrum of NSAID -related gastroduodenal 
injury includes a combination of subepithelial hemor- 
rhages, erosions, and ulcerations that is often referred 
to as NSAID gastropathy. The distinction between 
erosions and ulcerations depends on pathological def- 
initions, with ulcers denned as lesions that penetrate 
to the level of the submucosa and erosions defined 
as lesions confined to the mucosa. For practical 
purposes, an endoscopic definition is used, which is 
based on a subjective assessment of the size, shape, 
and depth of the lesion. Erosions are likely to be 
small and superficial, whereas ulcers tend to be larg- 
er (more than 5 mm in diameter) and deeper. 9 

After ingestion of an NSAID, ultrastructural dam- 
age to the gastric surface epithelium occurs within 
minutes, and gross, endoscopically detectable hem- 
orrhages and erosions in the gastroduodenal epithe- 
lium occur within several hours. 59 However, mucosal 
adaptation appears to occur in response to long-term 
administration of aspirin in most persons. 60 - 61 No 
area of the stomach is resistant to NSAID-induced 



mucosal injury; the most frequently and severely 
affected site is the gastric antrum. 59 Although the 
prevalence and severity of acute injury vary accord- 
ing to the drug formulation, 62 - 64 the acute injury 
commonly observed during short-term administra- 
tion of NSAIDs is not closely correlated with the 
subsequent development of the more clinically rele- 
vant process of mucosal ulceration 20 ' 21 ' 65 ' 66 or with 
serious complications. 10 ' 67 ' 68 Duodenal mucosal inju- 
ry occurs less commonly than gastric damage; how- 
ever, ulcer complications associated with NSAIDs oc- 
cur with nearly equal frequency in these two sites. 51 ' 66 
Prospective, cross-sectional endoscopic studies have 
shown that the combined prevalence of gastric and 
duodenal ulcers is 10 to 25 percent in patients with 
chronic arthritis treated with NSAIDs, 10 ' 67 which is 
5 to 15 times the expected prevalence in an age- 
matched healthy population. 

TREATMENT OF NSAID -RELATED 
DYSPEPSIA 

At least 10 to 20 percent of patients have dyspep- 
tic symptoms during NSAID therapy. 10 ' 11 However, 
such symptoms are poorly correlated with the endo- 
scopic appearance and severity of mucosal injury, 
since up to 40 percent of persons with endoscopic 
evidence of erosive gastritis are asymptomatic, 10 ' 68 and 
conversely, as many as 50 percent of patients with 
dyspepsia have normal- appearing mucosa. 10 

Histamine H 2 -Receptor Antagonists 

Several studies using different methods have shown 
an improvement in dyspeptic symptoms when hista- 
mine H 2 -receptor antagonists are given to patients 
taking NSAIDs. 69 ' 73 A recent prospective, observa- 
tional cohort study by Singh et al., 11 however, found 
that asymptomatic patients with rheumatoid arthri- 
tis who were taking H 2 -receptor antagonists had a 
significantly higher risk of gastrointestinal complica- 
tions than those not taking these drugs. The expla- 
nation for this surprising observation is unknown, 
but it might be due to the masking of dyspeptic 
symptoms associated with mucosal injury. There- 
fore, although H 2 -receptor antagonists are effective 
in reducing NSAID-related dyspepsia, their routine 
use in asymptomatic patients taking NSAIDs cannot 
be recommended. Patients receiving H 2 -receptor an- 
tagonists for the treatment of dyspepsia must be 
monitored carefully for the development of serious 
complications. The initial dose should generally be 
low (e.g., 400 mg of cimetidine, 150 mg of raniti- 
dine or nizatidine, or 20 mg of famotidine, admin- 
istered twice daily in each case), and the dose should 
be tailored to the needs of each patient. 

Proton-Pump Inhibitors 

In two recent studies, the proton-pump inhibitor 
omeprazole was compared with ranitidine 74 or mi- 
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soprostol, 75 a prostaglandin E L analogue, for the 
treatment and prevention of NS AID -related gastro- 
duodenal ulcers. A secondary goal in both of these 
multicenter trials was to assess the effects of therapy 
on dyspeptic symptoms. In both studies, although 
different methods were used to assess the clinical re- 
sponse, omeprazole provided greater symptomatic 
relief. After four weeks, only 6 percent of patients 
treated with omeprazole had moderate-to-severe 
symptoms, as compared with 52 percent at base line, 
whereas 12 percent of those treated with ranitidine 
had such symptoms, as compared with 50 percent at 
base line. 74 A quality-of-life evaluation showed that 
the patients receiving omeprazole had significantly 
greater improvement in scores on the Gastrointesti- 
nal Symptom Rating Scale than the patients receiv- 
ing misoprostol. 75 Because proton-pump inhibitors 
represent a suitable means of preventing the devel- 
opment of gastroduodenal ulcers associated with the 
use of NSAIDs, 76 they appear to provide a safe and 
effective form of therapy for NSAID -associated dys- 
pepsia. 

MANAGEMENT OF NSAID-RELATED 
GASTRODUODENAL ULCERS 

The optimal treatment for patients with NSAID - 
induced gastroduodenal ulcers should include the 
elimination of any potentially aggravating factors. 
Nontoxic analgesics such as acetaminophen should 
be substituted for NSAIDs when possible, and in 
patients with inflammatory arthritides, disease-mod- 
ifying (or slow-acting) antirheumatic drugs have been 
recommended as first-line treatment. If NSAID ther- 
apy is discontinued, effective treatment aimed at heal- 
ing the acute ulcer can be instituted with one of sev- 
eral antisecretory agents or with sucralfate. If the use 
of NSAIDs must be continued, ulcer healing is en- 
tirely dependent on the specific agent chosen for ul- 
cer treatment. 

Mucosal Protective Agents 

Sucralfate, a basic aluminum salt of sucrose octa- 
sulfate, is effective in the treatment of both NSAID- 
related duodenal ulcers and those unrelated to 
NSAIDs, and the agent appears to be as effective 
as H 2 -receptor antagonists in the healing of non- 
NSAID-related gastric ulcers. 77 However, sucralfate 
has no proven benefit in the treatment or prevention 
of NSAID-related gastric ulcers. Prostaglandins exert 
their therapeutic effects both by enhancing mucosal 
defensive properties and by inhibiting gastric-acid se- 
cretion. 39 Although they are effective in preventing 
NSAID -induced gastroduodenal mucosal injury, their 
role in the treatment of NSAID-associated ulcers is 
unclear. Hawkey et al. 75 recently compared the ca- 
pacity of misoprostol (200 /Ag given four times daily) 
and omeprazole (20 mg or 40 mg given once daily) 
to heal gastroduodenal ulcers in patients receiving on- 



going NSAID therapy. After eight weeks of therapy, 
89 percent of the patients with duodenal ulcers who 
received omeprazole at either dose had healing, as 
compared with only 77 percent of those with duo- 
denal ulcers who received misoprostol. Among the pa- 
tients with gastric ulcers, healing was detected in 80 
percent of those receiving 40 mg of omeprazole, in 
87 percent of those receiving 20 mg of omeprazole, 
and in 73 percent of those receiving misoprostol. 75 

Antisecretory Drugs 

The efficacy of H 2 -receptor antagonists in the treat- 
ment of NSAID-related ulcers has not been assessed 
extensively. Both open, uncontrolled, nonrandom- 
ized studies 78 and prospective, randomized studies 79 
have suggested that treatment with conventional dos- 
es of H 2 -receptor antagonists for 6 to 12 weeks re- 
sults in the healing of approximately 75 percent of 
gastric ulcers (range, 50 to 88 percent) and 87 per- 
cent of duodenal ulcers (range, 67 to 100 percent), 
despite the continued use of NSAIDs. When the use 
of NSAIDs is continued, healing appears to be de- 
layed and is largely dependent on the initial size of 
the ulcer. O'Laughlin et al. 80 reported a 90 percent 
healing rate for small gastric ulcers (less than 5 mm 
in diameter) after an eight-week course of treatment 
with cimetidine, whereas only 25 percent of larger 
ulcers healed. 

In a multicenter trial that included a small sub- 
group of patients with NSAID-related gastric ulcers, 
Walan et al. 81 reported that among the patients who 
continued to receive NSAIDs, the healing rate was 
higher for those treated with omeprazole than for 
those treated with ranitidine. A more recent multi- 
center trial by Yeomans et al. 74 also demonstrated 
the superiority of omeprazole over ranitidine in the 
treatment of NSAID-related gastroduodenal ulcers. 
In this study, the rates of ulcer healing at eight weeks 
were 79, 80, and 63 percent in the groups receiving 
40 mg of omeprazole, 20 mg of omeprazole, and 
150 mg of ranitidine twice a day, respectively. A study 
by Agrawal et al. 82 compared the efficacy of lanso- 
prazole with that of ranitidine in the healing of gas- 
tric ulcers during continued NSAID therapy. After 
eight weeks, ulcers were healed in 57 percent of the 
patients receiving 150 mg of ranitidine twice daily, 
whereas ulcers were healed in 73 percent of those re- 
ceiving 15 mg of lansoprazole once daily and 75 per- 
cent of those receiving 30 mg of lansoprazole once 
daily. These observations suggest that proton-pump 
inhibitors can heal gastroduodenal ulcers more effec- 
tively than H 2 -receptor antagonists, whether or not 
NSAIDs are continued. 

PREVENTION OF NSAID-ASSOCIATED 
GASTRODUODENAL ULCERS 

Because of the prevalence and severity of NSAID- 
related gastrointestinal complications, recent efforts 
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have been directed at the prevention of mucosal in- 
jury induced by NSAIDs. As discussed above, the 
best way to prevent mucosal injury is to avoid the 
use of NSAIDs and to substitute an agent less toxic 
to the gastroduodenal mucosa, such as acetamino- 
phen, salsalate, or magnesium salicylate. Neverthe- 
less, a potent NSAID is commonly preferred, and two 
strategies have been used to improve their safety: the 
adrninistration of concomitant medication to protect 
the gastroduodenal mucosa from injury and the de- 
velopment of safer antiinflammatory agents. 

Concomitant Therapy 
Sucralfate 

Early, small studies suggested that sucralfate might 
reduce gastroduodenal mucosal injury associated with 
the use of NSAIDs. 83 However, a large, controlled, 
randomized trial conducted by Agrawal et al. 84 showed 
no significant benefit of sucralfate in preventing gas- 
tric ulcers in patients with osteoarthritis who were 
receiving NSAID therapy. 

H 2 -Receptor Antagonists 

Two large, placebo-controlled, prospective trials in- 
vestigated the protective effect of ranitidine in pa- 
tients with arthritis who were receiving NSAID ther- 
apy 85,86 Ranitidine (150 mg given twice a day) was 
effective in preventing duodenal ulcers, which devel- 
oped in 0 percent and 1.5 percent of the ranitidine- 
treated patients in the two studies, as compared with 
8 percent of the placebo-treated patients in both 
studies. In contrast, the same dose of ranitidine was 
ineffective in preventing gastric ulcers in both studies. 
Taha et al. 73 recently reported a benefit of high-dose 
famotidine (40 mg given twice a day), as compared 
with placebo, in preventing both gastric and duode- 
nal ulcers in patients with arthritis who received 
NSAIDs for 24 weeks. Symptomatic relief was also 
observed in the group randomly assigned to famoti- 
dine, but the benefit, although statistically signifi- 
cant, was only moderate, and the cost of such doses 
of H 2 -receptor antagonists is considerable. Thus, the 
use of H 2 -receptor antagonists for the prevention of 
NSAID-associated ulcers cannot be recommended. 

Proton-Pump Inhibitors 

Although proton-pump inhibitors had previously 
been demonstrated to heal gastroduodenal ulcers ef- 
fectively in NSAID users, 81 until recently only two 
small studies 87 * 88 had systematically examined their 
effectiveness in preventing NSAID -related gastro- 
duodenal mucosal injury. A recent study compared 
omeprazole and ranitidine for the prevention of re- 
current gastroduodenal ulcers in a large number of 
patients with arthritis in whom NSAID therapy 
could not be discontinued. 74 After six months of 
treatment, 16.3 percent of the patients treated with 
ranitidine had gastric ulcers, and 4.2 percent had 



duodenal ulcers. In the omeprazole group, only 5.2 
percent of the patients had gastric ulcers, and only 
0.5 percent had duodenal ulcers. 74 

Another recent study compared omeprazole (20 
mg given once a day) and misoprostol (200 /xg giv- 
en twice a day) for the prevention of recurrent ulcers 
in patients with arthritis who were receiving NSAID 
therapy. 75 After six months, 12 percent of the pa- 
tients receiving placebo and 10 percent of those re- 
ceiving misoprostol, but only 3 percent of those 
receiving omeprazole, had duodenal ulcers. Gastric 
ulcers recurred in 32 percent of the patients receiv- 
ing placebo, in 10 percent of those receiving miso- 
prostol, and in 13 percent of those receiving omep- 
razole. 75 These studies suggest that, like misoprostol, 
proton-pump inhibitors are superior to H 2 -receptor 
antagonists. Although a prospective analysis of clin- 
ical outcomes has not been performed, these agents 
appear to be effective in preventing the recurrence 
of ulcers during continued use of NSAIDs. 76 

Prostaglandins 

In their initial study, Graham et al. 67 reported that 
the prevalence of gastric ulcers in patients with os- 
teoarthritis who were receiving NSAIDs was 1.4 per- 
cent in those receiving concomitant treatment with 
200 /Ag of misoprostol four times a day, 5.6 percent 
in those receiving 100 /xg of misoprostol four times 
a day, and 21.7 percent in those receiving placebo. 
The efficacy of misoprostol as prophylaxis against 
duodenal ulcers was confirmed in a subsequent study 
by Graham et al. 89 Despite the effectiveness of miso- 
prostol in preventing gastroduodenal ulcers, the agent 
was not associated with any improvement in dyspep- 
tic symptoms in these studies. Furthermore, diarrhea 
developed in many of the patients receiving the 200- 
jiig dose of misoprostol. Raskin et al. 90 compared 
three regimens of misoprostol (200 /i,g given twice, 
three times, or four times a day) and concluded that 
although lower doses of misoprostol are better tol- 
erated, the drug needs to be taken at least three 
times a day to provide effective prophylaxis against 
NSAID -induced gastric ulcers. 

It must be emphasized that the prevention of en- 
doscopically detectable ulcers as an end point is not 
necessarily a safeguard against the development of 
serious ulcer-related complications. To determine 
whether treatment with misoprostol could affect the 
incidence of ulcer complications caused by NSAID 
use, Silverstein et al. 24 conducted the Misoprostol 
Ulcer Complication Outcomes Safety Assessment 
(MUCOSA) study. They reported a 40 percent re- 
duction in the overall rate of complications due to 
NSAID-associated ulcers in a group of patients re- 
ceiving 200 fig of misoprostol four times a day, as 
compared with the patients receiving placebo. 24 

Although misoprostol is highly effective for pre- 
venting NSAID-induced ulcers and is the only drug 
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approved by the Food and Drug Administration as 
prophylaxis against NSAID -related gastroduodenal 
ulcers, it has a number of adverse effects. These 
include diarrhea and abdominal pain associated 
with the increased generation of cyclic adenosine 
monophosphate in the small intestine and increased 
uterine contractility that can lead to spontaneous 
abortion. 

Development of Safer NSAIDs 

Several modifications in the formulation of NSAIDs 
have been introduced in recent years to reduce their 
toxicity. Recent surveillance and endoscopic studies 
have confirmed that the incidence of gastroduodenal 
mucosal injury is reduced with the use of nabume- 
tone, etodolac, and meloxicam. 91-93 The improved 
safety of meloxicam appears to be due to its prefer- 
ential inhibition of cyclooxygenase-2, with a minimal 
effect on cyclooxygenase-1. In contrast, nabumetone 
and etodolac appear to inhibit cyclooxygenase-2 pref- 
erentially at low doses, but the preferential inhibition 
of cyclooxygenase-2 is diminished at higher doses. 
These agents also have other properties that contrib- 
ute to their safety. Etodolac has a low level of en- 
terohepatic recirculation and a short half-life; nabu- 
metone is a nonacidic prodrug formulation and has 
no enterohepatic recirculation. 94 

Highly Selective Cyclooxygenase-2 Inhibitors 

Highly selective cyclooxygenase-2 inhibitors have 
recently been developed that, in studies to date, have 
had a markedly reduced capacity to cause injury to 
the gastroduodenal mucosa. 95-98 Two of the com- 
pounds, celecoxib and rofecoxib, have been studied 
extensively, and they appear to maintain their selec- 
tivity for cyclooxygenase-2 at doses substantially 
higher than those required to affect inflammation. 
These agents are more than 100 times as selective in 
their ability to inhibit cyclooxygenase-2 as the cur- 
rently available NSAIDs and have been shown to 
promote the development of gastroduodenal ulcers 
at a rate not significantly different from that of pla- 
cebo. 99 - 100 The selectivity ratios for inhibition of cy- 
clooxygenase-1 and cyclooxygenase-2 of celecoxib, 
rofecoxib, and other agents have been determined 
primarily by in vitro assays. 101 Although these drugs 
have similar in vivo selectivity, genetic differences 
among patients may affect the cyclooxygenase-2 se- 
lectivity of these drugs. Celecoxib became available 
for use in the United States in February 1999, and 
rofecoxib will probably be available very soon. 

In spite of enthusiasm for these promising new 
NSAIDs, some questions remain regarding their high- 
ly selective inhibition of cyclooxygenase-2. For ex- 
ample, cyclooxygenase-2 might generate endogenous 
prostanoids that are biologically important (Fig. 3). 
Mice in which the gene for cyciooxygenase-2 has 
been disrupted have defects in renal function and 



regulation of bone resorption, and female mice have 
impaired reproductive physiology. 94 Mizuno et al. 102 
have suggested that an increase in mucosal cycloox- 
ygenase-2 expression may be necessary for the nor- 
mal healing of gastroduodenal ulcers. However, non- 
selective NSAIDs also inhibit cyclooxygenase-2 to 
varying degrees, and the critical factor may be the 
ratio of isoenzyme inhibition. 

McAdam et al. 103 recently reported that celecoxib, 
but not ibuprofen, suppressed the urinary excretion 
of prostacyclin in healthy subjects, whereas throm- 
boxane activity related to cyclooxygenase-1 was sup- 
pressed only by ibuprofen. The authors speculated 
that long-term therapy with these agents might in- 
crease the rate of thrombotic events in patients who 
were at increased risk for cardiovascular disease, al- 
though no data were collected on such events. 103 On 
a positive note, the expression of cyclooxygenase-2 
messenger RNA is enhanced in human colorectal 
adenomas and adenocarcinomas, and selective cyclo- 
oxygenase-2 inhibition may thereby reduce the risk 
of colorectal cancer. 104 The results of these studies 
indicate that although the highly selective cyclooxy- 
genase-2 inhibitors offer considerable promise in the 
treatment of inflammatory arthritides, careful sur- 
veillance will be important to determine their ulti- 
mate benefit and safety profile. 

NSAIDs Containing Nitric Oxide 

Nitric oxide has a critical role in mamtaining the 
integrity of the gastroduodenal mucosa, exerting 
many of the same effects as endogenous prostaglan- 
dins. 105 ' 107 It has even been suggested that nitric ox- 
ide and prostaglandins may act synergistically to me- 
diate mucosal protective effects, 1 and Salvemini et 
al. 108 have demonstrated that nitric oxide stimulates 
cyclooxygenase enzymes. Such redundancy in pre- 
serving normal physiologic function is not unique, 
and it constitutes the rationale for the development 
of formulations in which nitric oxide is released and 
compensates for the suppression of mucosal prosta- 
glandins. Under these conditions, the desired effects 
of NSAIDs are maintained, including the inhibition 
of both cyclooxygenase isoenzymes, while toxicity 
is niinimized (Fig. 4). 109 - 111 Nitric oxide -containing 
compounds have antiinflammatory and antipyretic ac- 
tivities that are similar to those of the parent com- 
pound and may have analgesic effects that are great- 
er than those of the parent compound. 110 

In a recent seven-day clinical trial, a flurbiprofen- 
nitric oxide formulation was found to cause fewer 
gastric erosions than the parent drug, with the same 
inhibitory effects on gastric mucosal prostaglandin 
synthesis and serum thromboxane levels. 112 In addi- 
tion, nitric oxide, like aspirin, inhibits platelet aggre- 
gation, but it does not suppress cyclooxygenase ac- 
tivity or cause gastric mucosal injury. 113 The use of 
nitric oxide-aspirin compounds as prophylaxis against 
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Figure 4. Postulated Mechanism by Which Nitric Oxide-Releasing NSAIDs Maintain the Ability to Pro- 
tect the Gastroduodenal Mucosa while Suppressing the Level of Endogenous Mucosal Prostaglandins. 
Nitric oxide appears to stimulate some of the defensive properties of the mucosa that are affected by 
inhibition of the cyclooxygenase-1 isoenzyme. In addition, nitric oxide inhibits intercellular adhesion 
molecule 1, thereby decreasing neutrophil adherence, resulting in the prevention of NSAID-induced 
gastroduodenal mucosal injury. Adapted from Wallace. 1 



Table 2. Current Recommendations for the Treatment of NSAID-Related 
Dyspepsia and Mucosal Injury. 



Cumjcal Situation 

Dyspepsia 



Helicobacter pylori infection 

Active gastroduodenal 

ulcer NSAID discontinued 



NSAID continued 
Prophylactic therapy 



Recommendation 

Empirical treatment with H 2 -receptor antagonist (e.g., 
400 mg of cimetidine, 150 mg of ranitidine or nizatidine, 
or 20 mg of famotidine, all twice daily) or proton-pump 
inhibitor (e.g., 20 mg of omeprazole, 30 mg of lansopra- 
zole, 20 mg of rabeprazole, or 40 mg of pantoprazole 
daily before breakfast); individualize therapy 

Treatment to eradicate infection only in patients with a his- 
tory of peptic ulcer 

Treatment with an H 2 -receptor antagonist (e.g., 800 mg of 
cimetidine, 150 mg of ranitidine or nizatidine, or 40 mg 
of famotidine daily before bedtime) or a proton-pump in- 
hibitor (as above) 
Treatment with a proton -pump inhibitor (as above) 
Concomitant treatment with misoprostol (^200 /tg three 
times a day), a proton-pump inhibitor (as above), or a cy- 
dooxygenase-2 -preferential or cydooxygenase-2 -selec- 
tive NSAID 



myocardial and cerebrovascular ischemia is also un- 
der investigation. 

Other Approaches 

Several other compounds are being developed, in- 
cluding NSAIDs associated with zwitterionic phos- 
pholipids, chiral NSAIDs, basic fibroblast growth 
factor, and trefoil peptides. 94 Although initial studies 
indicate that some of these compounds may help re- 
duce the gastrointestinal toxicity of NSAIDs, their 
clinical use awaits further investigation. 



SUMMARY 

Recommendations for the prevention and man- 
agement of gastroduodenal mucosal injury associated 
with NSAIDs are proposed in Table 2. Symptoms as- 
sociated with the use of NSAIDs are common and can 
generally be treated empirically with an H 2 -receptor 
antagonist or a proton-pump inhibitor. Although ad- 
ditional studies are necessary, eradication of H. pylori 
should be reserved for patients with a history of 
ulcer disease. In general, if a gastroduodenal ulcer 
develops, the most prudent approach is to discontinue 



1896 ■ June 17, 1999 



Downloaded from www.nejm.org by on June 15, 2006 . 
Copyright© 1999 Massachusetts Medical Society. All rights reserved. 



MEDICAL PROGRESS 



the NSAID and substitute therapy with acetamino- 
phen or a nonacetylated salicylate. If treatment with 
the NSAID must be continued, proton-pump inhib- 
itors should be used, since they appear to heal ulcers 
at the same rate, whether or not NSAID therapy is 
continued. After the ulcer has healed and it has been 
determined that NSAID therapy must be continued, 
the most effective prophylaxis against recurrent ulcers 
is the concomitant administration of misoprostol (at 
least 200 /xg given three times a day) or a proton- 
pump inhibitor, or the use of an NSAID that pref- 
erentially or selectively inhibits cyclooxygenase-2. The 
ultimate choice of therapy in a particular patient de- 
pends on several things, including risk factors, the 
preferences of the patient and the physician, and 
cost. The development of cyclooxygenase-2 -selective 
inhibitors and the formulation of other new, safer 
NSAIDs should broaden the range of options. 
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CORRECTION 

Gastrointestinal Toxicity of Nonsteroidal 
Antiinflammatory Drugs 

Gastrointestinal Toxicity of Nonsteroidal Antiinflammatory Drugs . On 
page 1896, in Table 2, the recommendation for "Active gastroduode- 
nal ulcer NSAID discontinued" should have read, "Treatment with an 
H 2 -receptor antagonist (e.g., 800 mg of cimetidine, 300 mg of raniti- 
dine or nizatidine, or 40 mg of famotidine daily before bedtime)," not 
" 150 mg of ranitidine or nizatidine," as printed. 
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NSAID-lnduced Gastric Damage in Rats: Requirement for 
Inhibition of Both Cyclooxygenase 1 and 2 

JOHN L WALLACE, WEBB McKNIGHT, BRIAN K. REUTER, and NATHALIE VERGNOLLE 
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Background & Aims : Selective cyclooxygenase (COX)-2 
inhibitors produce less gastric damage than conven- 
tional nonsteroidal anti-inflammatory drugs (NSAIDs), 
suggesting that NSAIDs cause damage by inhibiting 
COX-1. We tested this hypothesis in rats by using a 
selective COX-1 inhibitor (SC-560). Methods : The effects 
of SC-560, celecoxib (selective COX-2 inhibitor), or a 
combination of both inhibitors on gastric damage and 
prostaglandin synthesis were determined. Selectivity of 
the drugs for COX-1 vs. COX-2 was assessed in the 
carrageenan-airpouch model. A COX-l-preferential in- 
hibitor, ketorolac, was also evaluated. The effects of 
these inhibitors on leukocyte adherence to vascular en- 
dothelium and on gastric blood flow were assessed. 
Results: SC-560 markedly reduced gastric prostaglandin 
synthesis and platelet COX-1 activity, but spared COX-2 
and did not cause gastric damage. Celecoxib did not 
affect gastric prostaglandin E 2 synthesis and did not 
cause gastric damage. However, the combination of 
SC-560 and celecoxib invariably caused hemorrhagic 
erosion formation, comparable to that seen with indo- 
methacin. Ketorolac caused damage only at doses that 
inhibited both COX isoforms, or when given with a COX-2 
inhibitor. Celecoxib, but not SC-560, significantly in- 
creased leukocyte adherence, whereas SC-560, but not 
celecoxib, reduced gastric blood flow. Conclusions : Inhi- 
bition of both COX-1 and COX-2 is required for NSAID- 
induced gastric injury in the rat. 

The identification of two isoforms of cyclooxygenase 
(COX) has led to a ree valuation of the mechanism 
through which nonsteroidal an ti -inflammatory drugs 
(NSAIDs) cause injury to the gastric mucosa. The obser- 
vation that selective inhibition of COX-2 spares gastric 
prostaglandin (PG) synthesis and is associated with a 
greatly reduced incidence of gastric erosions compared 
with what is observed with conventional NSAIDs 1 ' 2 has 
led to the hypothesis that it is the suppression of gastric 
COX-1 by NSAIDs that is the key mechanism respon- 
sible for erosion formation. 3-5 However, this remains an 
unproven hypothesis. Mice in which the gene for COX-1 
is disrupted exhibit greatly reduced gastric PG synthesis, 
but no gastric injury. 6 Although it is possible that the 



lack of gastric damage in these mice is attributable to 
compensatory changes in mucosal defense in response to 
the reduced PG synthesis, one cannot rule out the pos- 
sibility that reduced COX-1 activity, alone, is not suf- 
ficient for erosion formation. Indeed, when given indo- 
methacin, a dual inhibitor of COX-1 and COX-2, these 
mice did develop gastric erosions. 6 

Many studies in recent years have suggested that 
COX-2 can contribute to gastric mucosal defense, at 
least in some circumstances. For example, Gretzer et al. 7 
reported that selective COX-2 inhibitors interfered with 
adaptive response of the gastric mucosa to a topical 
irritant. Normally, the topical irritant increased the re- 
sistance of the gastric mucosa to damage induced by 
subsequent administration of a damaging agent, such as 
absolute ethanol. However, when pretreated with a se- 
lective COX-2 inhibitor, this protective response was 
inhibited, despite the fact that significant inhibition of 
gastric PG synthesis could not be detected. 7 COX-2 is 
expressed in the human stomach colonized by Helicobacter 
pylori, and it has been suggested that the PGs derived 
from COX-2 play a role in protecting the stomach 
against damage associated with this infection. 8 A role of 
COX-2- derived PGs in gastric ulcer healing is sup- 
ported by studies in experimental models. 9-11 Because all 
conventional NSAIDs inhibit both COX-1 and COX-2 
when administered at doses effective in reducing inflam- 
mation and pain, 5 it is possible that inhibition of both of 
these isozymes in the gastric mucosa contributes to the 
generation of erosions and ulcers. 

Recently, Smith et al. 12 described the effects of a 
selective inhibitor of COX-1 (SC-560) in rat models of 
pain and inflammation. This compound was found to 
markedly reduce gastric PG content, but surprisingly, 
the effects on mucosal integrity were not mentioned. In 
the present study, we used this selective inhibitor of 



Abbreviations used in this paper: COX, cyclooxygenase; ELISA, en- 
zyme-linked immunosorbent assay; TX, thromboxane. 
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COX-1 and selective inhibitors of COX-2 (celecoxib and 
DuP-697) to test the following hypothesis: suppression 
of both COX-1 and COX-2 is necessary for NSAID- 
induced gastric damage in the rat stomach. We have also 
performed studies with ketorolac, the most COX-1- 
selective of the currently marked NSAIDs, 5 to determine 
the relative contributions of inhibition of COX-1 vs. 
COX-2 to the generation of gastric damage. Finally, 
because both leukocyte adherence and reduced gastric 
blood flow have been suggested to contribute to the 
pathogenesis of NSAID-induced gastric damage, 13 the 
effects of the selective COX inhibitors on leukocyte 
adherence to the vascular endothelium in vivo and on 
gastric blood flow were examined. 

Materials and Methods 

Animals 

Male Wistar rats weighing 175-200 g were obtained 
from Charles River Breeding Farms (Montreal, Quebec, Can- 
ada) and were housed in the Animal Care Facility at the 
University of Calgary. The rats were fed standard laboratory 
chow and tap water ad libitum. The rats were deprived of food, 
but not water, for 18—20 hours before an experiment. All 
experiments described below received prior approval from the 
Animal Care Committee of the University of Calgary and were 
performed in accordance with the guidelines of the Canadian 
Council on Animal Care. 

Selection of Doses of Test Drugs 

A series of experiments was performed to establish the 
doses of SC-560 and celecoxib that would produce significant 
and selective inhibition of COX-1 and COX-2, respectively. 
The carrageenan-airpouch model has previously been used in 
our laboratory to determine the extent of suppression of 
COX-2 in vivo. 14 The PGE 2 that can be recovered in the 
inflammatory exudate is derived almost entirely from COX-2. 14 
We have previously found that doses of celecoxib in the 5—45 
mg/kg range significantly reduced the levels of PGE 2 in the 
inflammatory exudate without affecting whole blood throm- 
boxane (TX) synthesis (an index of COX-1 activity). 15 In the 
present study, we used the airpouch model to examine the 
effects of celecoxib at a dose of 15 mg/kg, SC-560 at doses of 
10-40 mg/kg, and the combination of these two drugs (same 
doses; n = 5-8 per group). For comparison, we also tested the 
effects of indomethacin (5 mg/kg), a dual inhibitor of COX-1 
and COX-2. In some studies, a second selective inhibitor of 
COX-2, DuP-697, was used. We have previously shown that 
the dose used (10 mg/kg) suppressed COX-2 activity in vivo 
by more than 80% while having no effect on COX-1 activ- 
ity. 14 Control rats were treated with vehicle (1% carboxy 
methylcellulose). One hour after oral administration of the test 
drugs or vehicle, carrageenan (2 mL of a 1% solution) was 
injected into the airpouch. Six hours later, the rats were 
anesthetized with halothane and the airpouch was carefully 



opened by an incision. The exudate fluid was collected for 
measurement of PGE 2 concentration by enzyme-linked immu- 
nosorbent assay (ELISA). 16 A 1-mL sample of blood was incu- 
bated at 37 °C for 45 minutes then centrifuged (lOOOg; 10 
minutes). The concentration of TXB 2 in the supernatant was 
measured by ELISA. 16 

Acute Gastric Damage 

Groups of at least 5 rats each were given one of the 
following orally: celecoxib (15 mg/kg), SC-560 (20 or 40 
mg/kg), the combination of these two drugs (same doses), or 
indomethacin (5 mg/kg). Control rats received an equal vol- 
ume of the vehicle (1% carboxymethylcellulose). Three hours 
later, the rats were anesthetized with halothane and a blood 
sample was drawn from the inferior vena cava for measurement 
of whole blood TX synthesis, as described above. The stomach 
was removed and scored for hemorrhagic damage, by an ob- 
server unaware of the treatments the rats had received. The 
scoring involved measuring the lengths of all lesions, in mil- 
limeters, and summing the values to give an overall gastric 
damage score for each rat. A sample of the corpus region of the 
stomach was then excised, weighed, and added to a tube 
containing 1 mL of sodium phosphate buffer (10 mmol/L; pH 
7.4). The tissue sample was minced with scissors for 30 
seconds, then placed in a shaking water bath (37°C) for 20 
minutes. The samples were centrifuged (9000^) for 1 minute, 
and the concentration of PGE 2 in the supernatant was deter- 
mined by ELISA. 16 

Effects of Ketorolac 

Of the NSAIDs presently on the market, ketorolac, 
shows the greatest selectivity for COX-1. 5 To further examine 
the importance of inhibition of COX-1 and COX-2 in the 
pathogenesis of NSAID-induced gastric injury, we examined 
the effects of a range of doses of ketorolac on gastric PGE 2 
synthesis, whole blood TXB 2 synthesis (as an index of COX-1), 
inflammatory PGE 2 synthesis in the carrageenan-airpouch 
model (as an index of COX-2), and gastric damage. The 
experiments were performed in the same manner as described 
above. Ketorolac was tested at doses of 0.3, 1, 3, 10, and 30 
mg/kg. Each group consisted of 5-6 rats. 

To complement the studies of acute gastric damage induced 
by the combination of SC-560 and celecoxib, similar experi- 
ments were performed in which rats were given ketorolac at a 
dose that selectively inhibited COX-1 (3 mg/kg) alone or in 
combination with a selective COX-2 inhibitor (celecoxib at 15 
mg/kg or DuP-697 at 10 mg/kg). As above, the rats were 
killed 3 hours later for blind scoring of the gastric damage. 

The damage induced by acute administration of NSAIDs 
consists of erosions in the corpus region of the stomach. In 
contrast, chronic gastric ulcers induced by NSAIDs in humans 
arc found primarily in the antrum. To determine if suppression 
of COX-1 and COX-2 is necessary for antral ulcer formation, 
we used the model of NSAID-induced antral ulceration orig- 
inally described by Satoh et al. 17 Groups of rats (n — 5) were 
fasted for 20 hours, then given access to food for 2 hours. At 
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the end of the period of feeding, the rats were given the test 
drugs orally and were then fasted for another 24 hours. The 
rats were killed, and the stomach was examined by an observer 
unaware of the treatments they had received. The presence of 
antral ulceration and hemorrhage was noted. The test drugs 
used in this study were ketorolac (3 mg/kg; a dose selective for 
COX-1), celecoxib (15 mg/kg), the combination of ketorolac 
(3 rng/kg) and celecoxib (15 mg/kg), or ketorolac at a dose that 
suppressed both COX-1 and COX-2 (10 mg/kg). 

Intravital Microscopy 

The effects of celecoxib and SC-560 on leukocyte ad- 
herence to the vascular endothelium were examined using an 
intravital microscopy preparation, as described previously. 18 
Rats (n = 5—6 per group) were anesthetized with sodium 
pentobarbital (65 mg/kg intrapcritoneally {IP]). Images of the 
mesenteric microcirculation were recorded for 5 minutes after 
a 15-minute equilibration period. The mesentery was then 
supervised with bicarbonate-buffered saline containing cele- 
coxib at 1 or 3 |xmol/L, SC-560 at 0.3 or 1 fimol/L, the 
combination of SC-560 at 1 u>mol/L and celecoxib at 3 
fimol/L, indomethacin at 7 jxmol/L, or buffer alone. The 
images were recorded for 5 minutes beginning 15, 30, 45, and 
60 minutes after the start of the superfusion. The 3 |xmol/L 
concentration of celecoxib was selected because it has been 
reported to be in the range of plasma concentrations required 
for anti-inflammatory effects in humans 19 and is considerably 
less than the concentration necessary for significant anti-in- 
flammatory effects in the carrageenan-induced paw edema 
model. 12 SC-560 has been reported to inhibit COX-1 at a 
concentration of 0.3 |xmol/L 12 and has been shown to inhibit 
intestinal PG synthesis in the rat at this concentration (Dr. W. 
MacNaughton, personal communication, April 2000). Leuko- 
cyte adherence was quantified on video playback in a blind 
manner. A leukocyte was considered adherent to the endothe- 
lium if it remained stationary for 30 seconds or more. Vessel 
diameter was monitored throughout the experiment using a 
digital caliper. 18 

To confirm the effectiveness of SC-560 in inhibiting COX-1 
at the concentrations tested, and to rule out the possibility that 
celecoxib inhibited COX-1 in a similar setting to these exper- 
iments, the following experiment was performed. Blood was 
drawn from the inferior vena cava of 4 rats and distributed to 
tubes containing (final concentration) celecoxib (3 |xmol/L), 
SC-560 (1 jxmol/L), indomethacin (7 jJimol/L), or vehicle. The 
samples were incubated for 45 minutes at 37°C, then centri- 
fuged (lOOOg, 10 minutes). TXB 2 concentrations in the super- 
natant were measured by ELISA. 

Gastric Blood Flow 

Conventional NSAIDs have been shown to cause a 
decrease in gastric blood flow 20-22 ; this has been suggested to 
contribute significantly to the pathogenesis of injury associated 
with these agents. 13 To determine if selective inhibition of 
COX-1 or COX-2 would result in a decrease in gastric blood 
flow, experiments were carried out in which gastric blood flow 



was measured by laser-Doppler flowmetry, as described in 
detail previously. 23 An ex vivo gastric chamber preparation 
was used. 23 The exposed stomach was bathed with 100 
mmol/L hydrochloric acid throughout the experiment. A laser- 
Doppler probe was placed on the surface of the dorsal, corpus 
region of the stomach for continuous recording of blood flow. 23 
After a 15-minute basal period, SC-560 (40 mg/kg), celecoxib 
(15 mg/kg), the combination of SC-560 and celecoxib, indo- 
methacin (5 mg/kg), or vehicle was injected IP (n =4—6 rats 
per group). Blood flow over the hour that followed was ex- 
pressed as a percentage of the flow rate in the basal period. 

Statistical Analysis 

All data are expressed as mean ± SEM. Comparisons 
among groups of data were performed using a one-way analysis 
of variance followed by the Dunnett's Multiple Comparison 
test. An associated probability (P value) of <5% was consid- 
ered significant. 

Materials 

SC-560 was provided by Dr. F. Degner of Bochringcr- 
Ingelheim (Ingelheim, Germany). Celecoxib was obtained 
from Monsanto (St. Louis, MO), and ketorolac tromethamine 
was obtained from Roche Laboratories (Montreal, Quebec, 
Canada). The ELISA kits for PGE 2 and TXB 2 were obtained 
from Cayman Chemical Co. (Ann Arbor, MI). X-Carrageenan 
was obtained from Sigma Chemical Co. (St. Louis, MO). AH 
other reagents were obtained from Fisher Scientific (Edmon- 
ton, Alberta, Canada). 

Results 

Selectivity of the Inhibitors 

In the carrageenan-airpouch model, celecoxib in- 
hibited PGE 2 synthesis by 97% but had no effect on 
whole blood TX synthesis (Figure 1). Thus, at this dose, 
celecoxib acted as a selective COX-2 inhibitor. In con- 
trast, SC-560 caused almost complete inhibition (>95% 
inhibition) of whole blood TX synthesis at all doses 
tested (10-40 mg/kg), confirming its ability to inhibit 
COX-1. At the 40 mg/kg dose, SC-560 suppressed TX 
synthesis by 99% (Figure 1). However, SC-560 failed to 
significantly affect inflammatory PGE 2 synthesis, which 
has been shown to be almost exclusively derived from 
COX-2. 14 Indomethacin significantly inhibited COX-1 
and COX-2, because both whole blood TX and inflam- 
matory PGE 2 synthesis were markedly suppressed (Fig- 
ure 1). 

Gastric PG Synthesis 

Celecoxib had no effect on PGE 2 synthesis in the 
normal stomach at doses in the 1—4 mg/kg range (Figure 
2 shows data for the 15 mg/kg dose). SC-560 at a dose of 
20 mg/kg did not significantly affect gastric PGE 2 syn- 
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thesis (14.2 ± 2.8 vs. 23.4 ± 3.5 pg/mg in vehicle- 
treated group). However, at a dose of 40 mg/kg, SC-560 
significantly inhibited gastric PGE2 synthesis by 70% 
(Figure 2). The combination of celecoxib (15 mg/kg) and 
SC-560 (40 mg/kg) caused a similar degree of inhibition 
of gastric PGE 2 synthesis as was seen with SC-560 alone 
(67%; Figure 2). Indomethacin inhibited gastric PGE 2 
synthesis by 65% (Figure 2). 

Because we could not detect any effect of celecoxib on 
gastric PG synthesis in healthy rats, possibly because any 
contribution of COX-2 to PG synthesis was negligible 
with respect to the contribution of COX-1, we examined 
the effects of celecoxib in a setting of increased gastric 
COX-2 expression. Gastric ulcers were induced by sero- 
sal application of acetic acid, as described in detail pre- 
viously. 24 On the seventh day after induction of the ulcer, 
groups of 6 rats each received either celecoxib (15 mg/kg) 
or vehicle. Three hours later, the rats were killed and the 
stomach was removed. A sample of the gastric tissue 
from the ulcer margin was excised, and PGE? synthesis 
was measured as described in Materials and Methods. In 
the vehicle-treated rats, an average of 223 ± 36 pg/mg 
tissue of PGE 2 was released by the tissue sample. In 



celecoxib-treated rats, this was reduced by 48% (to 
116 ± 23 pg/mg; P < 0.05). 

Gastric Damage 

In previous studies we observed that celecoxib at 
doses of 5, 15, or 45 mg/kg selectively inhibited COX-2 
in vivo and did not produce any detectable gastric dam- 
age in the rat. 14 Based on those studies, we selected the 
15 mg/kg dose for the present study and confirmed that 
it did not produce macroscopically (Figure 2) or histo- 
logically detectable gastric damage. Similarly, SC-560 at 
doses of 10, 20, or 40 mg/kg did not elicit damage in the 
stomach. Histological evaluation of gastric tissue fixed 3 
hours after administration of SC-560 (40 mg/kg) con- 
firmed the absence of any damage. When examined in a 
blind manner, the tissues from rats treated with SC-560 
were indistinguishable from the tissues from rats treated 
with vehicle. In contrast, the combination of SC-560 (40 
mg/kg) and celecoxib resulted in the development of 
gastric erosions in all 10 rats, with a mean gastric 
damage score that was significantly greater than seen in 
the other groups (Figure 2). The combination of cele- 
coxib with the 20 mg/kg dose of SC-560 failed to cause 
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SC-560 

Figure 1. Effects of celecoxib (15 mg/kg) and SC-560 (40 mg/kg) on 
inflammatory PGE 2 synthesis (index of COX-2 activity; A) and whole 
blood TX synthesis (index of COX-1 activity; 0). Celecoxib inhibited 
COX-2 but not COX-1. SC-560 inhibited COX-1 but not COX-2. The 
combination of celecoxib and SC-560 inhibited both COX-1 and COX-2. 
Indomethacin (5 mg/kg) inhibited COX-1 and COX-2 to similar extents 
as the two selective inhibitors. **P < 0.01, ***P < 0.001 vs. 
vehicle-treated group, n = 5-8/group. 
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Figure 2. Effects of celecoxib (selective COX-2 inhibitor; 15 mg/kg) 
and SC-560 (selective COX-1 inhibitor; 40 mg/kg) on gastric mucosal 
integrity (gastric damage; A) and gastric PGE 2 synthesis (B). Signifi- 
cant increases in gastric damage were observed only in the group 
treated with celecoxib plus SC-560 and in the group treated with 
indomethacin (5 mg/kg). *P < 0.05, **P < 0.01 vs. vehicle-treated 
group, n = 5-10/group. 
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significant gastric damage (mean score, 0.2 ± 0.2). In- 
domethacin also caused gastric damage, the extent of 
which was similar to that observed with the combination 
of SC-560 and celecoxib (Figure 2). 

Because it was possible that the increased level of 
damage observed in rats given both celecoxib and SC- 
560 was caused by topical irritant properties of celecoxib, 
we performed an additional experiment in which rats 
(n = 5 per group) were given SC-560 orally at 40 mg/kg, 
and celecoxib (15 mg/kg) or vehicle IP. Damage was 
scored 3 hours later, as in the studies described above. In 
the rats receiving SC-560 orally and vehicle IP, the mean 
damage score was 0.2 ± 0.2. In contrast, the rats that 
received oral SC-560 and IP celecoxib had a mean gastric 
damage score of 7.4 ± 1.6 (P < 0.05). 

Effects of Ketorolac and DuP-697 

As shown in Figure 3, all doses of ketorolac tested 
produced significant inhibition of COX-1 activity (TX 
synthesis) and gastric PG synthesis. Doses of ^ 1 mg/kg 
inhibited COX-1 activity by 95% and gastric PG syn- 
thesis by >88%. Despite this, significant gastric damage 
was not observed with ketorolac at doses in the 0.3—3 
mg/kg range. Ketorolac did not significantly affect 
COX-2 activity (inflammatory PG synthesis in the air- 
pouch model) at doses of ^3 mg/kg. With doses of 10 
and 30 mg/kg, ketorolac produced significant inhibition 
of COX-2 activity (by 75% and 91%, respectively) and 
produced significant gastric damage. 

Having identified a dose of ketorolac that inhibited 
COX-1 but not COX-2, we then tested the effects of the 




Dose of Ketorolac (mg/kg) 

Figure 3. Inhibition of eicosanoid synthesis and gastric damaging 
effects of ketorolac. Effects on COX-1 activity (•; whole blood TX 
synthesis), COX-2 activity (O; inflammatory PGE 2 synthesis in the 
carrageenan-airpouch model), gastric PGE 2 synthesis (□), and gastric 
damage with various doses of ketorolac (■; 0.3-30 mg/kg) were 
assessed. Gastric PGE 2 synthesis and COX-1 activity were signifi- 
cantly (P < 0.01) suppressed at all doses of ketorolac. COX-2 activity 
was significantly suppressed (P< 0.05) only at the 10 and 30 mg/kg 
doses of ketorolac, the same doses that caused significant gastric 
damage (compared with a vehicle-treated group). Each group con- 
sisted of 6 rats. 




(3 mg/kg) (15 mg/kg) + 

Celecoxib 




(3rng/kg) (10 mg/kg) + 
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Figure 4. Gastric damaging effects of ketorolac, at a dose selectively 
inhibiting C0X-1, DuP-697 (a selective COX-2 inhibitor), celecoxib (a 
selective COX-2 inhibitor), and the combination of ketorolac and one 
of the two COX-2 inhibitors. *P < 0.05, **P < 0.01 compared with 
groups treated with only one of the test drugs, n = 5-6/group. 

combination of that dose of ketorolac with a selective 
COX-2 inhibitor. As shown in Figure 4, administration 
of ketorolac together with celecoxib resulted in signifi- 
cant gastric damage. Moreover, administration of ketoro- 
lac with DuP-697, another selective COX-2 inhibitor, 14 
also resulted in significant gastric damage. DuP-697 
alone failed to cause gastric damage. 

We also evaluated the effects of selective inhibitors of 
COX-1 and COX-2 in a model in which ulceration of the 
antrum of the stomach is produced. Using this "refeed- 
ing" model, 17 rats given celecoxib alone (15 mg/kg) or 
ketorolac alone (3 mg/kg) did not exhibit any detectable 
damage. However, 4 of 5 rats given the combination of 
these two drugs developed antral damage and overt 
hemorrhage. Moreover, all 5 rats given a higher dose of 
ketorolac (10 mg/kg), which inhibits both COX-1 and 
COX-2 (Figure 3), developed hemorrhagic antral ulcer- 
ation. 

Effects of COX Inhibitors on Leukocyte 
Adherence 

Celecoxib (3 |JLmol/L) caused a 6-fold increase in 
leukocyte adherence over basal levels (Figure 5). A sig- 
nificant increase in leukocyte adherence was evident 
within 30 minutes of beginning the superfusion of the 
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Figure 5. Effects of 1 ^mol/L (O) and 3 ^mol/L (•) celecoxib (se- 
lective COX-2 inhibitor), 0.3 ftmol/L (□) and 1 |xmol/L (■) SC-560 
(selective COX-1 inhibitor), and 7 jxmol/L (V) indomethacin (dual 
COX-1 and COX-2 inhibitor) on leukocyte adherence to the vascular 
endothelium of mesenteric venules in the rat. After a basal period, the 
vessels were superfused with one of these inhibitors, with vehicle (A), 
or with indomethacin, for a period of 60 minutes. Indomethacin (7 
jxmol/L) and celecoxib (3 ^.mol/L) significantly increased the num- 
bers of adherent leukocytes. A combination of SC-560 and celecoxib 
resulted in increases in leukocyte adherence similar to that seen with 
SC-560 alone. *P < 0.05 vs. vehicle-treated group, n = 5-6/group. 

blood vessels. The lower concentration of celecoxib (1 
fxmol/L) did not produce a statistically significant change 
in leukocyte adherence. SC-560 did not cause an increase 
in leukocyte adherence at either concentration tested (0.3 
or 1 fimol/L). Indomethacin (7 |xmol/L) caused adher- 
ence similar in magnitude to that seen with the higher 
concentration of celecoxib. Superfusion with the combi- 
nation of SC-560 (1 fxmol/L) and celecoxib (3 fxmol/L) 
caused leukocyte adherence similar in magnitude to that 
seen with celecoxib alone. 

None of the test drugs significantly affected the di- 
ameter of the mesenteric venules during the 60-minute 
exposure period. The mean diameter at the beginning of 
the experiment in all groups ranged between 30 and 35 
|xm. At the end of the 60-minute exposure to one of the 
test drugs of the vehicle, the mean diameters in the 
various groups ranged, as a percentage of the starting 
diameter, from 97% to 105% (no significant differences 
among the groups and no significant change from the 
respective basal value). Confirmation that the 3 |xmol/L 
concentration of celecoxib did not inhibit COX-1 activ- 
ity was provided by the experiments in which whole 
blood was exposed to this concentration of celecoxib for 
45 minutes, and the generation of TXB 2 was then mea- 
sured. TXB 2 synthesis in this group averaged 7.04 ± 
0.10 ng • mL" 1 • min" 1 , compared with 5.24 ± 0.11 ng 
• mL" 1 • min -1 in whole blood to which only the vehicle 
was added. On the other hand, SC-560 at a concentration 



of 1 fxmol/L inhibited TXB 2 synthesis by 98% (0.09 ± 
0.02 ng • mL" 1 * min -1 ). Exposure of whole blood to 
indomethacin (7 |xmol/L) also resulted in profound in- 
hibition of TXB 2 synthesis (0.13 ± 0.04 ng • mL~ l • 
min -1 ; 98% inhibition). 

Effects on Gastric Blood Flow 

IP administration of vehicle did not cause any 
significant changes in gastric blood flow over the follow- 
ing 60-minute period (Figure 6). Similarly, administra- 
tion of celecoxib (15 mg/kg IP) did not produce any 
significant changes in gastric blood flow. The mean rate 
of gastric blood flow 60 minutes after celecoxib admin- 
istration was 101% ± 12% of the basal flow rate. In 
contrast, administration of SC-560 (40 mg/kg IP) or 
indomethacin (5 mg/kg) resulted in a profound reduction 
in gastric blood flow. In both cases, blood flow had 
decreased to —50% of basal levels by 1 hour after ad- 
ministration (P < 0.01). Coadministration of SC-560 
(40 mg/kg) and celecoxib (15 mg/kg) resulted in a 
decrease in gastric blood flow comparable with that seen 
with SC-560 alone. By 1 hour after administration of the 
drugs, gastric blood flow had decreased to 52% ± 4% of 
basal levels. 

Discussion 

Selective inhibition of COX-2 has been shown to 
be associated with significantly less gastric erosion for- 
mation than that seen with anti-inflammatory doses of 
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Figure 6. Effects of celecoxib (□; selective COX-2 inhibitor; 15 mg/kg 
IP), SC-560 (•; selective COX-1 inhibitor; 40 mg/kg IP), or indometh- 
acin (O; 5 mg/kg IP) on gastric blood flow in the rat. After a basal 
period, one of the inhibitors or vehicle (■) was injected and blood flow 
was continuously measured by laser-Doppler flowmetry for 60 min- 
utes. The combination of SC-560 and celecoxib resulted in decreases 
in gastric blood flow similar to that seen with SC-560 alone. The 
gastric blood flow data are expressed as a percent of the basal flow 
in each rat. *P < 0.05, **P < 0.01 vs. vehicle-treated group, n = 
4-6/group. 
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conventional NSAIDs, both in animals 1,2 and hu- 
mans. 4 ' 25 Such data are consistent with the notion that 
the suppression of COX-1 by conventional NSAIDs un- 
derlies their ability to cause gastric damage. However, it 
is a presumption that blockade of COX-1 is all that is 
needed for erosions to develop, because before the present 
study, the effects of a selective COX-1 inhibitor on 
gastric mucosal integrity have not been reported. Even 
excluding the potential contribution of topical irritant 
properties of NSAIDs, it remained possible that the 
ability of these agents to inhibit COX-2 activity may 
also be an important component of the mechanism of 
action in terms of inducing gastric damage. The results 
of the present study suggest that inhibition of both 
COX-1 and COX-2 is required for the development of 
gastric erosions after NSAID administration in the rat. 
Neither a COX-1 inhibitor nor a COX-2 inhibitor 
caused macroscopically or histologically detectable gas- 
tric damage when given at doses that were proven to be 
effective at selectively inhibiting the target enzyme in 
vivo. However, administration of both inhibitors invari- 
ably resulted in gastric erosion development. Moreover, a 
COX-1— preferential inhibitor, ketorolac, was shown to 
cause gastric damage only when given doses in which 
significant inhibition of COX-2 occurred. These doses 
were 10-30-fold greater than the doses required for 
near-complete inhibition of COX-1 and gastric PG syn- 
thesis. Ketorolac (at a dose that selectively blocked 
COX-1) given together with DuP-697 (another selective 
COX-2 inhibitor) produced significant gastric damage, 
whereas neither drug alone caused damage. Likewise, the 
combination of ketorolac and ceiecoxib produced signif- 
icant gastric damage (in the corpus and antrum), whereas 
neither drug alone caused significant damage. 

The results of the present study also show that there 
are distinct mechanisms through which inhibition of 
COX-1 vs. COX-2 could contribute to erosion forma- 
tion. We have previously proposed that NSAID-induced 
adherence of neutrophils to the vascular endothelium 
within the gastric microcirculation contributes to the 
generation of mucosal injury. 18 ' 26 ' 27 The induction of 
neutrophil adherence by NSAIDs is likely to be in part 
caused by suppression of the tonic production of PGs 
(such as prostacyclin) by the vascular endothelium. 28 
Given the numerous reports that COX-1 is the consti- 
tutively expressed isoform of COX, responsible for 
"housekeeping functions," 1 " 3 it was our presumption 
that the ability of NSAIDs to stimulate neutrophil ad- 
herence was caused by suppression of COX-1 in the 
vascular endothelium. The results of the present study 
suggest that this is not the case. Indeed, the selective 



COX-2 inhibitor, ceiecoxib, elicited significant leuko- 
cyte adherence in mesenteric venules that was compara- 
ble with that achieved with a conventional NSAID 
(indomethacin), whereas the selective COX-1 inhibitor 
(SC-560) did not. In the latter case, >98% suppression 
of COX-1 was confirmed through measurement of whole 
blood TX synthesis. Whether the effect of ceiecoxib is 
caused by suppression of COX-2 in the endothelium or 
in another cell type is not clear. Interestingly, however, 
the possibility that COX-2 is a major source of prosta- 
cyclin synthesis is supported by a recent human study in 
which >80% of prostacyclin synthesis in healthy volun- 
teers could by inhibited by ceiecoxib. 19 Significant inhi- 
bition of prostacyclin synthesis by therapeutic doses of 
rofecoxib has also been shown. 29 

A decrease in gastric blood flow after NSAID admin- 
istration has been documented in laboratory animals and 
humans, 20 "" 22 - 30 and has been suggested to contribute 
significantly to the pathogenesis of mucosal injury. 13 The 
demonstration that SC-560, but not ceiecoxib, produced 
a decrease in gastric blood flow in the rat strongly 
suggests that the effect of NSAIDs is caused by suppres- 
sion of COX-1. Both the time course and magnitude of 
the decrease in gastric blood flow observed with SC-560 
were similar to what occurs with indomethacin and what 
we have previously observed with diclofenac. 30 

The conclusion that suppression of both COX-1 and 
COX-2 is necessary for NSAID-induced gastric damage 
in the rat is consistent with a number of previous find- 
ings. For example, mice in which the gene for COX-1 
was disrupted, so that they did not have functional 
COX-1, did not exhibit spontaneous gastric damage 
despite negligible gastric PG synthesis. However, these 
mice did develop erosions when given indomethacin (a 
dual COX-l/COX-2 inhibitor). Warner et al. 5 recently 
evaluated more than 40 NSAIDs, comparing their effects 
on the two COX isoforms using a human whole blood 
assay. While they pointed to the suppression of COX-1 
as a key to gastric toxicity of NSAIDs, which we do not 
dispute, they also showed that when tested in whole 
blood at concentrations that suppressed COX-2 activity 
by 80%, all of the conventional NSAIDs also markedly 
suppressed COX-1 activity (i.e., by more than 60%). 
Thus, despite the fact that several drugs (including ke- 
torolac) exhibited considerable selectivity for COX-1 in 
vitro, these drugs would still act as nonselective inhibi- 
tors when used at doses that are effective for reducing 
pain and inflammation. The only other study we are 
aware of in which a selective COX-1 inhibitor was 
evaluated was that of Smith et al. 12 They showed that 
SC-560 could almost completely abolish gastric PG con- 



September 2000 



COX INHIBITION AND GASTRIC DAMAGE 713 



tent, but conspicuous by its absence was any mention of 
the effects of this drug on gastric mucosal integrity. In 
that study, doses of SC-560 as high as 100 mg/kg were 
used. 

As previously suggested by others, 7 our results are 
consistent with the hypothesis that PGs derived from 
COX-2 contribute to mucosal defense. However, we 
were not able to detect any greater reduction of gastric 
PGE 2 synthesis when both a COX-1 and COX-2 inhib- 
itor were given vs. the effect of the COX-1 inhibitor 
alone. This is consistent with the findings of Gretzer et 
al., 7 who observed an effect of several COX-2 inhibitors 
on mucosal resistance to injury, but could not detect any 
significant change in gastric PG synthesis. The most 
likely explanation for these findings is that the contri- 
bution of COX-2 to total PG synthesis in the normal 
stomach is very small (not detectable using the assay 
system we used, which is a measure of PG synthetic 
capacity), but is nevertheless very important in terms of 
mucosal defense. This explanation is supported by the 
demonstrated ability of celecoxib to inhibit PG synthesis 
in the stomach in a model (acetic acid-induced gastric 
ulcer) in which COX-2 expression is markedly up-regu- 
lated. 8 

In this study we focused on the suppression of COX 
activity by NSAIDs as a mechanism of gastric injury. Of 
course, NSAIDs have other actions unrelated to suppres- 
sion of COX that contribute to damage. For example, 
many NSAIDs exert topical irritant effects that can 
contribute to mucosal injury. 31 Indeed, it was possible 
that topical irritant properties of celecoxib, together with 
the suppression of gastric PG synthesis by SC-560, ac- 
counted for the damage we observed when both drugs 
were given. However, IP administration of celecoxib 
together with oral administration of SC-560 still pro- 
duced mucosal damage, suggesting that the inhibition of 
COX-2 by celecoxib, rather than topical irritant proper- 
ties, accounted for the damage induced when the two 
compounds were given together. Similarly, the combi- 
nation of orally administered ketorolac (at dose specific 
for COX-1) and IP DuP-697 (at dose specific for COX-2) 
caused significantly more gastric damage than either 
drug alone. As was the case with oral administration, the 
extent of damage observed with the combination of a 
COX-1 inhibitor and a COX-2 inhibitor was increased 
in a synergistic, rather than additive, manner. 

In summary, this study shows that selective inhibition 
of either COX-1 or COX-2 does not elicit gastric dam- 
age in the rat; rather, inhibition of both isoforms of COX 
is required for NSAID-induced damage to develop. The 
results obtained with SC-560 and celecoxib were con- 



firmed with other inhibitors of COX-1 (ketorolac) and 
COX-2 (DuP-697). Both COX isoforms seem to con- 
tribute to mucosal defense. We have identified distinct 
mechanisms through which inhibition of these isoforms 
may contribute to the pathogenesis of NSAID-induced 
gastric damage. COX-1 inhibition results in reduced 
gastric blood flow, whereas COX-2 inhibition leads to 
increased leukocyte adherence to the vascular endothe- 
lium. These results suggest that the concept that inhi- 
bition of COX-1 alone is the mechanism underlying 
NSAID-induced gastric injury is incorrect. Although the 
notion that anti -inflammatory drugs that are COX-1 
sparing 32 will be less toxic to the stomach may be 
accurate, this term may be misconsrrued such that an 
important contribution of COX-2 to gastric mucosal 
defense is overlooked. 
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Summary 

Cyclooxygenases 1 and 2 (COX-1 and COX-2) are key 
enzymes in prostaglandin biosynthesis and the target 
enzymes for the widely used nonsteroidal anti-inflam- 
matory drugs. To study the physiological roles of the 
individual isoforms, we have disrupted the mouse 
Ptgsl gene encoding COX-1 . Homozygous Ptgsl mu- 
tant mice survive well, have no gastric pathology, and 
show less indomethacin-induced gastric ulceration 
than wild-type mice, even though their gastric prosta- 
glandin E 2 levels are about 1% of wild type. The homo- 
zygous mutant mice have reduced platelet aggrega- 
tion and a decreased inflammatory response to 
arachidonic acid, but not to tetradecanoyl phorbol ace- 
tate. Ptgsl homozygous mutant females mated to ho- 
mozygous mutant mates produce few live offspring. 
COX-1 -deficient mice provide a useful model to distin- 
guish the physiological roles of COX-1 and COX-2. 

Introduction 

The cyclooxygenase isoforms, COX-1 and COX-2, cata- 
lyze the key step in the synthesis of prostaglandins. While 
COX-1 and COX-2 catalyze the same reaction, the conver- 
sion of arachidonic acid (AA) to prostaglandin H 2 (PGH 2 ), 
the isoforms appear to have different biological roles. 
COX-1 and COX-2 are also the target enzymes for the 
most widely used drugs in human medicine, nonsteroidal 
anti-inflammatory drugs (NSAl Ds). Thus, there is consider- 
able interest in understanding the physiological roles of 
COX-1 and COX-2 and in developing drugs that differen- 
tially inhibit them. 

The COX isoforms are encoded by genes located on 
different chromosomes (Wen et al., 1993). The gene en- 
coding COX-1 (Ptgsl in the mouse) spans about 22 kb 
(YokoyamaandTanabe, 1989; Kraemeretal., 1992), from 



which a message of 2.8 kb is derived (DeWitt and Smith, 
1988; Merlie et al., 1988; Yokoyama et al., 1988). The 
gene encoding COX-2 (Ptgs2 in the mouse) is about 8 kb 
(Xieet al., 1991; Kujubu etal., 1991; O'Banion etal., 1991) 
and produces a message of about 4. 1 kb (Xie et al., 1 991 ; 
Kujubu et al., 1991; O'Banion et al., 1991; Kujubu and 
Herschman, 1992; DuBoiset al., 1994b). The COX-1 and 
COX-2 proteins from the same species are about 60% 
identical with the catalytic regions being conserved. 

The genes encoding COX-1 and COX-2 differ in their 
regulation at the transcriptional level, and recent data rein- 
force the likelihood that the isoforms mediate different 
biological functions (Morita et al., 1995; Murakami et al., 

1994) . COX-1 appears to be constitutively synthesized in 
many tissues (Simmons et al., 1991; O'Neill and Ford- 
Hutchinson, 1993; Seibert et al., 1994), although its level 
of expression can vary with the state of differentiation or 
following cytokine or tumor promoter stimulation (Smith 
et al., 1993, 1994; Samet et al, 1995; Murakami et al., 

1 995) . COX-1 is thought to carry out primarily "housekeep- 
ing" functions such as cytoprotection of the gastric mu- 
cosa, regulation of renal blood flow, and platelet aggrega- 
tion (DeWitt and Smith, 1988, 1990; Merlie et al., 1988; 
Funk et aL, 1991). In contrast, COX-2 message and pro- 
tein are normally undetectable in most tissues; however, 
COX-2 expression in certain cell types can be rapidly in- 
duced by proinflammatory or mitogenic agents, including 
cytokines, endotoxins, tumor promoters, and mitogens 
(Xie et al., 1991; O'Banion et al., 1992; Hla and Neilson, 
1992; Fletcher et al., 1992; DuBois et al., 1994a; Smith 
et al., 1994). Because of this rapid induction, the gene 
encoding COX-2 has been termed an immediate-early re- 
sponse or primary response gene (Simmons et al., 1989; 
Maier et al., 1990; Fletcher et al., 1992; Ryseck et al., 
1992). COX-2 message and protein have been shown to 
be up-regulated in human colon cancers (Eberhart et al., 
1994; Kargman et al., 1995) and in mouse skin papillomas 
and carcinomas (Muller-Decker et al., 1995). 

The COX isoforms are the primary target enzymes for 
NSAIDs, which act by inhibiting the activity of the enzymes 
(Vane, 1971; Smith and Willis, 1971; Smith et al., 1990; 
Xieet al., 1992; Seibert etal., 1994; Masferrer etal.; 1994; 
Mitchell etal., 1994; Seibert and Masferrer, 1994). Aspirin, 
the most common and best-studied NSAID, was originally 
shown to inhibit prostaglandin synthesis by Vane (1971). 
NSAIDs in common use today include aspirin, ibuprofen, 
and indomethacin, and all inhibit the COX enzymes. In 
addition to the use of NSAIDs as analgesics and for alle- 
viation of acute and chronic inflammatory diseases such 
as arthritis (Levi and Shaw Smith, 1994; Simon, 1994), 
NSAIDs (in particular, aspirin) have proven effective for 
decreasing the frequency of heart attacks and strokes 
(Vane and Botting, 1992) and in reducing the incidence 
of colon cancer (Thun et al., 1991, 1993; Marnett, 1992). 
Some NSAIDs also inhibit chemically induced colon can- 
cer in rodents (Rao et al., 1995, and references therein). 
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From the combined evidence of NSAID effects on rodent 
and human colon cancers, it has been suggested that 
randomized prevention trials with humans be initiated 
(Heath et al., 1994). However, while NSAIDs have many 
beneficial effects, they can also cause adverse side ef- 
fects, the most common of which are gastrointestinal ul- 
ceration and nephrotoxicity (Cliveand Stoff, 1984; Black, 
1986; Brooks and Day, 1991; Price and Fletcher, 1990; 
Simon, 1994). 

Since the discovery of COX-2, the identification of drugs 
that selectively inhibit this isoform has become the focus 
of NSAID development (Xie et al., 1992; Meade et al., 
1993; Seibert and Masferrer, 1994; Mitchell et al., 1994; 
Masferrer et al., 1994). The rationale for this is that COX-1 
is not elevated during inflammation and that, as a neces- 
sary housekeeping gene, its inhibition by NSAIDs may be 
the cause of their adverse side effects. In contrast, COX-2 
is normally nondetectable in most tissues, but is rapidly 
elevated during inflammation (Masferrer etal., 1994; Crof- 
ford et al., 1994; Vane et al., 1994; Mitchell et al., 1994; 
Seibert et al., 1994; Vane, 1994; Simmons et al., 1991), 
and its inhibition by NSAIDs is thought responsible for 
their therapeutic effects. 

The relative biological contributions of the COX-1 and 
COX-2 isoform s in the maintenance of normal physiologi- 
cal functions and in diseased states is not, however, en- 
tirely clear. Most of the current knowledge has come from 
studies of NSAID inhibition, COX-2 induction, or both. As 
an alternative approach to understand the roles of these 
enzymes better, we have used gene targeting to generate 
a mouse strain that is unable to synthesize COX-1. The 
development of COX-2-deficient mice is reported by Mor- 
ham et al. (1995 [this issue of Cell]). With these mice, we 
hope to learn more about the roles of the two isoforms in 
normal physiology and in various inflammatory disorders 
and to understand better the etiology of the therapeutic 
effects and deleterious side effects of NSAIDs. In the pres- 
ent study, we report the generation of mice lacking COX-1 
and some of their phenotypic characteristics. 

Results 
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Figure 1. Targeted Disruption of the Mouse Ptgsl Gene 

(A) The 3' region of the Ptgsl gene. Closed boxes represent exons, 
and bars below represent the probes. Restriction sites: Bg, Bglll; B, 
BamHI; C. Clal; H, Hindlll; X, Xbal; Xh, Xhot. 

(B) Targeting construct. Phospho glycerol kinase-promoted neomycin 
and herpes simplex thymidine kinase genes are represented by Neo 
and Tk, respectively. Wavy lines represent plasm id (not to scale). N 
shows the linearizing Notl restriction site. 

(C) Targeted Ptgsl locus. Diagnostic PCR primers are indicated by 
arrows. 

(D) Southern blot of Hindlll-digested targeted allele (2.8 kb) and wild- 
type allele (5.2 kb) mouse tail DNA. Wild type (+/+), heterozygotes 
(+/-), and homozygote mutants (-/-) are shown. 



Cloning off the 3' Region of the Ptgsl Gene 

The 3' region of the mouse Ptgsl gene was cloned using 
a 357 bp probe synthesized from strain 1 29 mouse embry- 
onic stem (ES) cell DNA. The probe was made by polymer- 
ase chain reaction (PCR) with primers for the 5' end of 
exon 1 1 , the sequences of which were based on the hu- 
man COX- 1 gene structure (Yokoyama and Tanabe, 1 989) 
and the mouse cDNA sequence (DeWitt et al., 1990). This 
probe detected only a single band on Southern blots of 
mouse ES cell DNA digested with Xbal, Hindlll, Bglll, 
BamHI, or Sacl, indicating that it was specific for a single 
gene. The 1 5 kb fragment cloned was subsequently shown 
to be from Ptgsl, and not the isoform Ptgs2, by the follow- 
ing. First, three different primer pairs specific for se- 
quences in exon 1 1 of Ptgsl were used for PCR, and the 
predicted product sizes were obtained. Second, about 1 00 
bp of DNA 3' of the Clal site in exon 11 (Figure 1A) was 



sequenced from the fragment and shown to match the 
published sequence of Ptgsl (DeWitt and Smith, 1990). 
Third, PCR with primers specific for the 5' and 3' ends of 
Ptgsl exon 10 produced the correct sized product from 
the cloned fragment. Fourth, the 2.4 kb PCR fragment 
used to diagnose targeted clones (Figure 1 C) was digested 
by Bglll into fragments of the predicted sizes. 

Vector Construction and Targeting 

The targeting strategy for disruption of the Pfgs7 gene is 
shown in Figure 1. Since aspirin inactivates COX-1 by 
acetylating Ser-530 (Humes et al., 1981 ; Roth et al., 1983; 
DeWitt et al., 1990), we disrupted the gene prior to the 
codon for this amino acid in exon 1 1 . The targeting vector 
was designed to replace about 1 kb of intron 10, together 
with the splice junction and first 44 bp of exon 11, with 
the neomycin resistance (Neo) gene (Figure 1B). If a pro- 
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tein were made from the resulting disrupted gene, it would 
lack the carboxy-terminal 120 amino acids, including Ser- 
530. Alternate splicing to eliminate the Neo gene would 
result in the elimination of 14 amino acids and loss of 
proper reading frame. 

The plasmid was linearized with Notl and electroporated 
into strain 1 29-derived E1 4TG2a ES cells. Following elec- 
troporation, G418 and ganciclovir selection was started 
(Mansour et al., 1988), and 6 of 96 doubly resistant colo- 
nies isolated were positive for the expected 2.4 kb PCR 
product indicated in Figure 1C. Using the exon 11 probe 
indicated in Figure 1A, we confirmed targeting in these 
PCR-positive clones by detection on Southern blots of the 
expected 2.8 kb Hindlll fragment. The same 2.8 kb band 
was also detected with a 510 bp BamHI-Hindlll fragment 
that hybridizes to a genomic region 3' to the targeting con- 
struct (Figure 1 A). 

Production of Animals 

Cells from two of the targeted clones were injected into 
C57BL/6J (B6) blastocysts, resulting in the birth of four 
male chimeras. One, chimera produced heterozygous F1 
129/B6 offspring after mating to B6 females. From the 
first seven F2 litters obtained by mating F1 heterozygous 
siblings, 14 wild-type, 31 heterozygous, and 16 homozy- 
gous mutant weanling pups were obtained, in agreement 
with Mendelian expectations (p > 0.9). Southern blots of 
Hindlll-digested tail DNA from wild-type F2, heterozygous 
F2, and homozygous mutant F2 mice are shown in Fig- 
ure 1 D. 

General Health of the COX-1 -Deficient Mice 
The COX-1 -deficient mice develop normally and appear 
healthy. Necropsy and microscopic examination of se- 
lected tissues (liver, spleen, kidney, gastrointestinal tract, 
reproductive tract, heart, and lungs) from three homozy- 
gous mutant males and three homozygous mutant fe- 
males, aged 2-5 months, revealed no significant pathol- 
ogy. However, in three of six kidneys examined from 
homozygous mutant mice, a minimal change was present, 
characterized by one or two small foci per section of baso- 
philic, immature tubules. The size and frequency of these 
lesions did not change with age. All six wild-type age- 
matched controls did not show these foci. There were no 
consistent or remarkable findings in other tissues exam- 
ined, including the glandular and nonglandular stomach. 

Northern Blot Analysis of the COX-1 Message 

The effect of Ptgsl gene disruption on COX-1 mRNA was 
analyzed by determining the level of message in the colons 
and kidneys of wild-type, heterozygous, and homozygous 
mutant F2 mice using the 357 bp probe described above. 
Figure 2A shows that the level of full-length (2.8 kb) mes- 
sage is reduced to approximately half normal in the hetero- 
zygous mice. No 2.8 kb message is detected in the homo- 
zygous mutant mice. Similar results (data not shown) were 
obtained when the 1.7 kb fragment of mouse cDNA (Ox- 
ford Biomedical) was used as the probe. When the blots 
were re hybridized to a probe specific for the Neo gene, 
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Figure 2. Northern and Western Blot Analyses 

(A) Northern blot of total RNA from colon and kidney of wild-type 
(+/+), heterozygous (+/-), and homozygous mutant (-/-) mice. The 
blot was probed with a 357 bp PCR fragment from the COX-1 cDNA. 

(B) Western blot of microsomal protein from kidney, stomach, and 
colon of wild-type (+/+) and homozygous mutant (-/-) mice. The 
COX-1 standard is in the left lane. The protein was detected with a 
polyclonal antibody to COX-1 . 

(C) Western blot of total protein from control and LPS -stimulated perito- 
neal macrophages from wild-type (+/+) and homozygous mutant 
(-/-) mice. (T op) COX-1 levels in control and LPS-stimulated perito- 
neal macrophages from wild-type and homozygous mutant mice; a 
COX-1 standard is on the left; the protein was detected with an antibody 
to COX-1 . (Bottom) COX-2 levels in control and LPS-stimulated perito- 
neal macrophages from wild-type and homozygous mutant mice; a 
COX-2 standard is on the left; the protein was detected with a poly- 
clonal antibody to COX-2. 

a band at 1.1 kb was detected (data not shown) in the 
heterozygous and homozygous mutant RNA samples; as 
expected, the band was more intense in the homozygous 
mutant sample. The Neo probe did not hybridize with any 
band detected by the COX- 7 probes. 

Western Blot Analysis of the COX-1 Protein 

A polyclonal antibody against residues 274-289 of COX-1 
(Morita et al., 1995) was used to determine the level of 
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COX-1 protein or any truncated product from the disrupted 
gene that includes these residues. Amino acids 274-289 
would still be present in a truncated protein if it were made, 
as the codons for these amino acids are 5' to the site of 
gene disruption. Western blot analysis (Figure 2B) shows 
that the normal 70 kDa COX-1 protein is readily detectable 
in kidney, stomach, and colon microsomes of wild-type 
F2 Ptgsl mice. Neither normal-sized COX-1 protein nor 
any smaller fragment is detected in the same tissues from 
the homozygous mutant mice. Figure 2C (upper panel) 
demonstrates that COX-1 protein levels are not signifi- 
cantly affected by lipopolysaccharide (LPS) in macro- 
phages from wild-type mice and, as expected, are not de- 
tectable in the homozygous mutant mice. The bottom 
panel of Figure 2C shows that LPS induces the COX-2 
protein about equally in peritoneal macrophages from 
COX-1 wild-type and homozygous mutant mice. COX-2 
message and PGE 2 production are also induced about 
equally in the macrophages from wild-type and homozy- 
gous mutant mice (data not shown). These results indicate 
that disruption of Ptgsl prevents constitutive synthesis of 
COX-1 but does not alter Ptgs2 inducibility in macro- 
phages. 

PGE 2 Production in Peritoneal Macrophages 

To determine the effect of Ptgsl gene disruption on prosta- 
glandin biosynthesis, we isolated and analyzed peritoneal 
macrophages for their basal (not LPS-stimulated) level of 
PGE 2 production with exogenous AA as the substrate. The 
data in Figure 3 show that basal PGE 2 production is re- 
duced about 70% in heterozygous mice and is reduced 
more than 99% in homozygous mutant mice. The basal 
levels of PGE 2 production in the wild-type and heterozy- 
gous mice were not altered by a 6 hr incubation in medium 
containing dexamethasone, indicating that PGE 2 produc- 
tion is due to COX-1 and not to COX-2, the production of 
which is inhibited by dexamethasone. These data show 
that basal PGE 2 production is virtually absent in macro- 
phages from the Ptgsl disrupted mice and that COX-2 
contributes little to basal levels of PGE 2 from exogenous 
AA in unstimulated macrophages. 

Gastric Ulceration 

The COX-1 homozygous mutant mice from F2 and subse- 
quent generations did not have gross or microscopic gas- 
tric lesions; therefore, the absence of COX-1 alone is not 
sufficient to cause lesions. Because COX-1 is a target for 
NSAIDs (Xie et al., 1992; Seibert et al., 1994; Masferrer 
et al., 1994; Mitchell et al., 1994; Seibert and Masferrer, 
1994) and because NSAID inhibition of COX-1 has been 
thought causal in the induction of gastrointestinal lesions, 
we investigated the possibility that COX-1 -deficient mice 
have altered sensitivity to indomethacin, an NSAID known 
to induce stomach ulceration in mice (Yokoyama et al., 
1985; Rainsford, 1987; Ettarh and Carr, 1993). First, a 
dose response was determined by administering indo- 
methacin to heterozygous F2 mice by gavage at doses 
ranging from 10 to 80 mg/kg (data not shown). Doses of 
10 and 20 mg/kg were found to be in the lower, but still 
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Figure 3. Production of PGE 2 by Peritoneal Macrophages 
PGE 2 levels were determined by radioimmunoassay, and the data are 
expressed as picograms of PGE 2 per 10 3 cells. Data are for macro- 
phages from five mice lor each genotype (wild type, heterozygous, 
and homozygous mutant). Data are presented as the mean ± SEM. 

detectable, response range. The data in Figure 4 show 
that F2 and F3 wild-type and homozygous mutant mice 
treated with 20 mg/kg have about an equal number of 
ulcers, although the percent of surface area ulcerated is 
somewhat reduced in the homozygous mutant mice (p < 
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Figure 4. Induction of Stomach Ulceration by Indomethacin in Wild- 
Type and Homozygous Mutant Mice 

(A) Data are expressed as the number of lesions of glandular stomach 
ulcers per animal at 10 and 20 mg/kg indomethacin. (B) Data are 
expressed as the percent ulcerated area of the total glandular stomach 
surface area at 1 0 and 20 mg/kg indomethacin. For (A) and (B). 1 0 mg/ 
kg wild type (n = 9), homozygous mutant (n = 6); 20 mg/kg wild-type 
{n s 7), homozygous mutant (n = 8). Data are presented as the mean 
± SEM. 
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Figure 5. Induction of Ear Inflammation by AA and TPA 
Data are expressed as the percent increase over pretreatment ear 
thickness. For AA and TPA treatments, five and four mice, respectively, 
of the F2 genotype indicated (wild type, heterozygous, homozygous 
mutant) were used. The mean control ear thickness was 0.22 ± 0.02 
mm. Data are presented as the mean ± SEM. 



0.36). At the 10 mg/kgdose, the homozygous mutant mice 
had statistically fewer lesions (p < 0.04), and a lower per- 
cent of stomach surface area was ulcerated (p < 0.06) 
than in the wild-type mice. 

A possible means whereby gastric cyto protection might 
be achieved in the COX-1 homozygous mutant mice is 
via a compensatory production of prostaglandins by the 
COX-2 isoform. To investigate this possibility, we deter- 
mined PGE 2 levels in the glandular stomachs of COX-1 
homozygous mutant mice and compared these levels with 
those in wild-type mice, untreated or after gavage with 40 
mg/kg of indomethacin. Untreated wild-type levels were 
113,430 ± 5,430 pg per milligram of tissue (n = 2); treated 
wild-type were 353 ± 126 pg per milligram of tissue 
(n = 2); homozygous mutant levels were 713 ± 265 pg 
per milligram of tissue (n = 2). Thus, it appears that COX-2 
is contributing little to PGE 2 production in the stomach of 
COX-1 homozygous mutant mice. 

Ear Inflammation 

A standard ear swelling assay (Gad et al., 1986; Opas et 
al., 1985) was used to determine whether mice with the 
Ptgsl gene disruption had an altered inflammatory re- 
sponse to chemical challenge. The mice used in these 
studies were littermates from the F2 generation. Figure 5 
shows that wh en AA was adm inistered top ically, the homo- 
zygous mutant mice had a significantly reduced (p< 0.002) 
inflammatory response (about 30% normal). The hetero- 
zygous mice also had a decreased response, although it 
did not reach statistical significance (p < 0.26). In contrast, 
inflammation in response to the potent tumor promoter 
tetradecanoyl phorbol acetate (TPA) did not differ in the 
wild-type and homozygous mutant mice. By 6 hr after treat- 
ment with AA, ear thickness had returned to normal, while 
TPA-treated ears remained inflamed for at least 1 8 hr after 
treatment. 

In gene targeting experiments in which breeding is not 
confined to a single inbred strain of mice, the cosegrega- 
tion of strain differences in genes linked to the target locus 
must be considered (Smithies and Maeda, 1995). In the 
present instance, this complication is effectively elimi- 
nated by the observations of Morham et al. (1995); their 
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Figure 6. AA-lnduced Aggregation of Platelets from Wild-Type F2 and 
Homozygous F2 Mutant Mice 

(A) Solvent control with platelets from wild-type mice. (B) Platelets plus 
AA from homozygous mutant mice. (C) Platelets plus AA from wild-type 
mice. 

wild-type F2 Ptgs2 animals, in which the wild-type Ptgsl 
locus and linked genes from the B6 and 129 strains can 
occur in all combinations, did not differ significantly in re- 
sponse to AA from our F2 wild-type animals carrying only 
the Ptgsl B6/B6 combination. 

Platelet Aggregation 

COX-1 is considered the key enzyme for generating pros- 
taglandins involved in platelet aggregation (Funk et al., 
1991). We therefore investigated the ability of platelets 
from wild-type and homozygous mutant mice to aggregate 
in vitro. The curves in Figure 6 show that platelets from 
homozygous mutant mice aggregate more slowly and to 
a lesser extent in response to AA than do platelets from 
wild-type mice. 

Reproductive Capability of Homozygous 
Mutant Mice 

Table 1 lists the frequency of live births and the litter sizes 
resulting from different heterozygous and homozygous 
matings. When homozygous mutant females are mated 
with homozygous mutant males, almost all of the pups 
are found dead, even though the litter sizes are normal. 
The cause of pup death has not been determined. In con- 



Table 1 . Effect of Parental Genotype on Litter Size and Pup Survival 



Postnatal Survivors Average 

Male Female per Total Births" Litter Size' 

Homozygous x homozygous 6 4 of 39 7.8 ± 1 .2 

Heterozygous x homozygous 20 of 26 6.5 ± 1 .0 

Homozygous x heterozygous 27 of 31 7.8 ± 0.5 

• Data are based on four litters for the heterozygous x homozygous 
and five litters for the homozygous x homozygous pairs mated. 
" Four different homozygous females, one of which produced two 
litters. 
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trast, when homozygous mutant females are mated with 
heterozygous males, the number of surviving pups and 
the litter sizes are close to normal, with the number of 
pups having the heterozygous and homozygous mutant 
genotypes being essentially equal. The breeding of homo- 
zygous mutant males to heterozygous females likewise 
results in normal pup survival and litter size. These data 
indicate that both homozygous mutant males and homozy- 
gous mutant females are fertile, but that pup survival is 
decreased when homozygous mutant mice are mated to 
each other; in this situation, neither the female nor the 
pups have functional COX-1 . 

Discussion 

In the present study, we have used homologous recombi- 
nation to disrupt the mouse Ptgsl gene that encodes 
COX-1. The major findings are that COX-1 -deficient mice 
are generally healthy, do not have spontaneous stomach 
ulcers, and show less gastric ulceration than wild-type 
mice after gavage with indomethacin. The homozygous 
mutant mice also have a reduced inflammatory response 
to AA, and homozygous mutant x homozygous mutant 
matings result in reduced pup survival. 

Because the stomach and kidney are two tissues where 
COX activity had been thought essential for proper func- 
tion (Robert, 1975, 1979; Clive and Stoff, 1984; Black, 
1986; Brooks and Day, 1991; Price and Fletcher, 1990; 
Simon, 1994), the lack of pathology in these tissues of 
COX-1 -deficient mice was surprising. Furthermore, based 
on the hypotheses that COX-1 is a housekeeping enzyme 
andthatNSAID inhibition of COX-1 is responsible for stom- 
ach ulceration, we had expected that COX-1 deficiency 
might lead to spontaneous stomach ulceration or bleeding 
in the homozygous mutant mouse. But the gastrointestinal 
tissues of the homozygous mutants were not distinguish- 
able from wild type. Thus, absence of COX-1 is not suffi- 
cient to cause sjomach ulceration in mice. Furthermore, 
measurement of PGE 2 in the glandular stomach of COX-1 
homozygous mutant mice indicates that PGE 2 levels per 
milligram of tissue are less than 1 % of the levels observed 
in wild-type mice. This reduction is consistent with that 
observed in peritoneal macrophages from homozygous 
mutant mice (Figure 3) and is approximately equal to the 
levels observed in the stomachs of wild-type mice treated 
with 40 mg/kg indomethacin. The low level of PGE 2 in 
the glandular stomach of the homozygous mutant mice 
coupled with the finding that COX-2 is undetectable by 
Western blot analysis (data not shown) suggests that com- 
pensation by COX-2 is not a significant factor in this tissue 
in COX-1 homozygous mutant mice. 

Because of the absence of spontaneous gastric ulcer- 
ation in the COX-1 -deficient mice, we determined whether 
they have an altered sensitivity to NSAID-induced gastric 
ulceration. For this we chose indomethacin, which is widely 
used in NSAID studies of gastric ulceration and is known 
to induce ulceration in the mouse stomach (Yokoyama et 
al., 1985; Rainsford, 1987; Ettarh and Carr, 1993). Our 
experiments confirm that wild-type mice are sensitive to 



stomach ulceration by indomethacin gavaged at either 10 
or 20 mg/kg, doses commonly used to cause ulceration 
in rats (Futaki et al., 1993; Rainsford, 1993; Beck et al., 
1990). Surprisingly, we found that the homozygous Ptgsl 
homozygous mutants are less sensitive to indomethacin- 
induced stomach ulceration than are the wild-type mice: 
the absence of COX-1 decreases rather than increases 
the incidence of ulceration after indomethacin treatment. 
Thus, these observations suggest that indomethacin- 
induced gastric ulceration may be due to mechanisms 
other than (or in addition to) COX-1 inhibition. Alterna- 
tively, in the development of gastric ulcers, lack of COX-1 
activity due to gene disruption may not be equivalent to 
the inhibition of COX-1 activity by indomethacin. As de- 
scribed by Morham et al. (1995), mice deficient in COX-2 
also show no spontaneous stomach ulcers or overt intesti- 
nal lesions. These data emphasize that the relationship 
between inhibition of COX activity and ulceration is 
complex, and they illustrate that the COX-1- and COX-2- 
deficient mice provide novel ways of studying isoform- 
specific NSAIDs and for identifying mechanisms in addi- 
tion to COX inhibition that may be involved in the ulcerative 
process. 

The kidneys of the COX-1 -deficient mice showed only 
minimal abnormalities even at 5 months of age. Therefore, 
absence of COX-1 in the kidney is not deleterious under 
normal physiological conditions. 

Prostaglandins have key functions in various stages of 
the reproductive process, ranging from ovulation and sper- 
matogenesis to parturition (Thorburn, 1 991 , 1 992; Zahrad- 
nik et al., 1992). Which COX isoform is involved in each 
of these stages is not known, except for ovulation, when 
it appears that COX-2 is the important form (Sirois et al., 
1 992). Our studies show that neither male nor famale fertil- 
ity appears to be affected by lack of COX-1 (Table 1), but 
they clearly show that complete lack of COX-1 , such as 
occurs in homozygous mutant x homozygous mutant 
matings, severely impedes survival of pups perinatally. 
Because prostaglandins are known to be involved in the 
initiation of labor (Kelly, 1 994), it may be the onset of labor 
that is impaired. However, the normal litter size and pup 
survival seen when heterozygous males are mated with 
homozygous mutant females show that absence of COX-1 
synthesis in the mother can be overcome by the presence 
of COX-1 in as few as 50% of the pups or in their placental 
material. From these matings, heterozygous and homozy- 
gous mutant pups are born in about equal numbers. The 
mating of homozygous mutant males with heterozygous 
females likewise results in normal litter sizes and pup sur- 
vival. The most likely explanation for these observations 
is that prostaglandins from the COX-1 pathway in either 
the maternal or fetal tissues are essential for normal partu- 
rition. Further studies are needed to elucidate the roles 
of the COX isoforms in pregnancy and parturition, and the 
COX-deficient mice should provide useful models for such 
studies. 

The decrease in AA-induced platelet aggregation seen 
in our COX-1 -deficient mice accords well with existing data 
that platelets contain the constitutively produced isoform 
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COX-1 (Funk et al., 1991). Since platelets lack nuclei, this 
deficiency cannot be overcome by any compensatory in- 
duction of Ptgs2 transcription followed by COX-2 syn- 
thesis. 

The COX-1 -deficient mice clearly have a reduction in 
their responses to AA, although their responses to TPA 
do not differ from wild type. However, the COX-2-deficient 
animals are as sensitive to inflammation caused by both 
AA and TPA as are wild-type mice. A possible reason for 
the differences between AA and TPA effects in the COX-1 - 
deficient mice is that AA in wild-type mice (and COX-2- 
deficient mice) can be immediately metabolized by the 
constitutive COX-1 enzyme to PGH 2 and subsequently 
to PGE 2 , which contributes to edema and inflammation. 
Since this cannot occur in the COX-1 homozygous mutant 
mice, less inflammation occurs. TPA, on the other hand, 
does not interact directly with COX-1 but is known to in- 
duce the synthesis of other enzymes, including COX-2 in 
vitro (Kujubu et al., 1991; DuBois et al., 1994a) and in vivo 
(Muller-Decker et al., 1 995). The finding that TPA-induced 
inflammation is equal in COX-2 homozygous mutant mice 
and wild-type mice indicates that COX-2 is not essential 
for this type of inflammation to occur in the skin of these 
mice. Thus, it appears that COX-1 can contribute to inflam- 
mation. More detailed studies of the responses of the 
COX-1- or COX-2-deficient mice will be needed to indicate 
the relative roles of the two isoforms following different 
types of inflammatory stimuli. 

The major conclusions from the present study are that 
lack of COX-1 does not cause spontaneous gastric ulcer- 
ation and decreases indomethacin-induced ulceration, 
that it decreases inflammatory responses to AA, that it 
decreases platelet aggregation, but that it has no other 
overt systemic effects except those associated with partu- 
rition. Lack of COX-2, as reported by Morham et al. (1 995), 
also does not cause spontaneous stomach ulceration, but, 
in contrast with lack of COX-1 , it has no effect on inflamma- 
tory responses to AA, causes severe kidney disease, and 
leads to spontaneous peritonitis in some animals. 



Experimental Procedures 
Targeting Vector Construction 

A Charon 35 genomic library containing DNA from E14TG2a mouse 
ES cells (Hooper et al., 1987) was screened with a 357 bp probe (see 
below) for the 5' end of exon 11 of the mouse Ptgsl gene. A clone 
containing approximately 15 kb of the 3' end of the Ptgsl gene was 
isolated, and overlapping 6 kb Xbal and Clal fragments (Figure 1A) 
were subcloned into Bluescript. A 4.3 kb Notl-Xhol fragment of the 
Xbal subclone was inserted into the pPNT vector (Tybulewicz et al., 
1991) 5' to the Neo gene, and a 2.3 kb Bam HI fragment from the Clal 
subclone was inserted 3' to the Neo gene to produce the targeting 
construct (Figure 1B). 

Cell Culture and Targeting 

El4TG2a ES cells were cultured by conventional methods on feeder 
cells. The targeting vector was linearized with Notl and electroporated 
at 5 nM into about 10 8 trypsinized ES cells using a 1 s pulse at 300 
V and 200 uF. Positive/negative selection was performed with G418 
and ganciclovir (Mansour et aJ., 1988) with ganciclovir providing about 
a 1 0-fold enrichment over G41 8 alone. Ganciclovir- and G41 8-resistant 
colonies were isolated 8-9 days after electroporation and transferred 



Individually to 24-well plates previously seeded with feeder cells. The 
cells were trypsinized 2 days later and reseeded into 6-well plates. 
After 2 days the cells were trypsinized, and about half were frozen at 
-80°C. DNA isolated from the remaining half was used for PCR and 
genomic Southern blot analysis. 

PCR and Southern Blot Analysis 

PCR was the initial screen for identifying targeted ES cells and mice 
carrying the disrupted COX-1 gene (Kim and Smithies, 1988). A primer 
specific for the Neo gene and a second primer specific for a genomic 
sequence 3' to sequences in the targeting construct (Figure 1C) pro- 
duced a single 2.4 kb band diagnostic of targeting. Genomic Southern 
blots were produced by standard techniques and probed with a random 
primer ^P-labeled probe (Stratagene Prime-it II) made from the 357 
bp PCR fragment specific for the 5' region of exon 11 . DNA was isolated 
from mouse tails to determine genotype. 

Northern Blot Analysis 

Total RNA was isolated from tissues by homogenizing them in TRIzol 
(Life Technologies) or from cells by scraping directly into TRIzol as 
recommended by the supplier. Each sample (15 ug) was electropho- 
resed in a 2.2 M formaldehyde-0.9% agarose gel. After capillary trans- 
fer, the blot was hybridized with a random primer 32 P-labeled probe 
made from the exon 11-specific 357 bp PCR fragment or a 1.7 kb 
COX-1 cDNA fragment (Oxford Biomedical Research Corporation). 
Blots were stripped and probed for actin to ensure equal loading 
of RNA. 

Western Blot Analysis 

To prepare microsomes, we homogenized tissues in buffer (0. 1 M Tris- 
HCI [pH 7.4), 2 mM EDTA, 10 mg/ml leupeptin, 20 mg/ml aprotinin, 0.5 
mM phenylmethylsulfonyl fluoride) and then sonicated them at 30% 
power (Fisher Scientific, Model F50) three times for 1 5 s. The homoge- 
nates were centrifuged at 10,000 x g for 1 5 min at 4°C. The resulting 
supernatants were centrifuged at 100,000 x g for 1 hr at 4°C, and 
the microsomal pellets were sheared in buffer (100 mM Tris [pH 6.8], 
8% SDS, 20% glycerol) with a 25-gauge needle. An aliquot was re- 
moved for protein determination (Bio-Rad DC) before boiling with bro- 
mophenol blue (0.05% (w/v)) and 2-mercaptoethanol (6% [v/v]). 

For immunoblot analysis, 40 ug of microsomal protein (kidney and 
stomach), 20 u.g of microsomal protein (colon), or 10 ug ol protein 
from cell lysate (macrophages) were separated by SDS-PAGE using 
the Mini-PROTEAN II electrophoretic apparatus (Bio-Rad). Proteins 
were transferred onto Hybond-ECL nitrocellulose (Amersham) using 
the Mini Trans-Blot electrophoretic transfer cell system (Bio-Rad). 
Membranes were blocked in 5% nonfat milk-Tris-buffered saline with 
0.1% Tween 20 (TBST) before incubating with a rabbit antibody to 
murine COX-1 provided by Dr. D. DeWitt (Morita et al, 1995) or to 
COX-2 (Cayman Chemical). Blots were incubated with anti-rabbit IgG 
horseradish peroxidase-linked secondary antibody (Boehringer Mann- 
heim) in TBST and 1% nonfat milk. Chemiluminescent detection was 
performed using reagents from Amersham, and bands were visualized 
after exposure to Hyperfilm-ECL (Amersham). 

Indomethacin-induced Stomach Ulceration 

Indomethacin was suspended in 1 % methyl cellulose at the concentra- 
tion of 1 or 2 mg/ml and given at the stated doses by gavage. All animals 
were fasted 16-18 hr prior to gavage. Animals were euthanized using 
C0 2 6 hr after treatment, and their stomaches were removed and 
opened along the lesser curvature. Stomach lesions were scored as 
described by Ghanayem et ai. (1987). The number of lesions were 
counted, an enlarged image of the formalin-fixed glandular stomach 
and of each individual lesion was traced, and the area of each lesion 
was determined using a computer-assisted image analysis system. 
The total area of the stomach was traced and measured. The area of 
all lesions in each stomach was calculated and divided by the area 
of the glandular stomach to derive the percent of area with lesions. All 
samples were scored blind. No ulceration was shown by eight wild -type 
mice that received vehicle alone. 

Mouse Ear Inflammation Assay 

AA (2 mg per 1 0 ul) or TPA (1 ug per 1 0 ul) in acetone was applied 
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to the inside of the left ear and 10 nl of acetone was applied to the 
right ear as described by Opas et al. (1985). Ear swelling was deter- 
mined after 2 hr for AA or 6 hr for TP A by the method of Gad et al. 

(1986) . 

Macrophage Isolation and PGE 2 Analysis 

Peritoneal macrophages were isolated and LPS stimulated by modifi- 
cation of the procedure of Watanabe et al. (1994). Thiogfycolate- 
elicited macrophages were isolated by peritoneal lavage with 5 ml of 
cold RPMI 1640 medium. Macrophages were seeded at 1 x 10 7 to 
2.5 x 10 7 cells per 60 mm dish, depending on yield, and allowed to 
attach for 2 hr in a humidified incubator with 5% CO z in air. The plates 
were then washed with Hank's balanced salt solution to remove nonad- 
hering cells, and medium containing 1% serum with or without LPS 
(10 ug/ml) was then added. Attached cell numbers were determined 
by counting with an eyepiece micrometer. After a 6 hr incubation, the 
medium was removed and replaced for 30 min with medium containing 
10 \iM AA. Subsequent analysis for PGE 2 in the medium was by a 
competitive radioimmunoassay (Amersham). 

Platelet Aggregation 

Platelet aggregation was carried out as described by Paigen et al. 

(1987) using AA to induce aggregation. For each assay, blood was 
pooled from two mice (about 1 ml in total volume) and centrifuged to 
prepare platelet-rich and then platelet-poor plasma. The assay was 
conducted with 300 \i\ of plasma at 3 x 1 0 8 platelets per milliliter. 
Aggregation was induced by adding 15 ul of Na-AA (22 mg/ml in 
Na 2 C0 3 buffer). Turbidity was measured with a Lumi-Aggregometer. 
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tbtir use. Immediately after the institution of these venti- 
utfarr measures, the adequacy of the circulation should be 
pifcluated. Supportive treatment of circulatory depression 
may require administration of intravenous fluids, and when 
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fl* mean seizure dosage of mepivacaine in rhesus monkeys 
wti found to be 18.8 mg/kg with mean arterial plasma con- 
wntTBtion of 24.4 pg/mL. The intravenous and subcutane- 
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mr, actively. 

DOSAGE AND ADMINISTRATION 

TV oW of any local anesthetic administered varies with 
UV antithetic procedure, the area to be anesthetized, the 
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let* blocked, the depth of anesthesia and degree of rfiuscle 
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liver disease. The rapid injection of a large volume of local 
anesthetic solution should be avoided and fractional doses 
should be used when feasible. 

For specific techniques and procedures, refer to standard 
textbooks. 
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of doses given in one procedure) of mepivacaine 
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mended dosage is based on requirements for the average 
adult and should be reduced for elderly or debilitated 
patients. 

While maximum doses of 7 mg/kg (550 mg) have been ad- 
ministered without adverse effect, these are not recom- 
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circumstances should the administration be repeated at in- 
tervals of less than VA hours. The total dose for any 24-hour 
period should not exceed 1,000 mg because of a slow accu- 
mulation of the anesthetic or its derivatives or slower than 
normal metabolic degradation or detoxification with repeat 
administration. (See CLINICAL PHARMACOLOGY and 
PRECAUTIONS.) 

Pediatric patients tolerate the local anesthetic as well as 
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HOW SUPPLIED 
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DESCRIPTION 

The active ingredient in PRDLOSEC (omeprazole) Delayed- 
Release Capsules is a substituted benzimidazole, 5-meth- 
oxy-2-[I(4-methoxy ; 3, 5-dimethyl-2-pyridinyl) raethyll sulfi- 
nyll-lri-benzimidazole, a compound that inhibits gastric 
acid secretion. Its empirical formula is C 17 H l9 N 3 0 3 S, with a 
molecular weight of 345.42. The structural formula is: 

OCH 3 

Omeprazole is a white to off-white crystalline powder which 
melts with decomposition at about 155"C. It is a weak base, 
freely soluble in ethanol and methanol, and slightly soluble 
in acetone and isopropanol and very slightly soluble in wa- 
ter. The stability of omeprazole is a function of pH; it is rap- 
idly degraded in acid media, but has acceptable stability un- 
der alkaline conditions. 

PRILOSEC is supplied as delayed-release capsules for oral 
administration. Each delayed-release capsule contains ei- 
ther 10 mg, 20 mg or 40 mg of omeprazole in the form of 
enteric-coated granules with the following inactive ingredi- 
ents: cellulose, disodium hydrogen phosphate, hydroxy- 
propyl cellulose, hydroxypropyl methylcellulose, lactose, 
mannitol, sodium lauryl sulfate and other ingredients. The 
capsule shells have the following inactive ingredients: gela- 
tin-NF, FD&C Blue #1, FD&C Red #40, D&C Red #28, tita- 
nium dioxide, synthetic black iron oxide, isopropanol, butyl 
alcohol, FD&C Blue #2, D&C Red #7 Calcium Lake, and, in 
addition, the 10 mg and 40 mg capsule shells also contain 
D&C Yellow #10. 
CLINICAL PHARMACOLOGY 
Pharmacokinetics and Metabolism: Omeprazole 
PRILOSEC Delayed-Release Capsules contain an enteric- 
coated granule formulation of omeprazole (because 
omeprazole is acid-labile), so that absorption of omeprazole 
begins only after the granules leave the stomach. Absorp- 
tion is rapid, with peak plasma levels of omeprazole occur- 
ring within 0.5 to 3.5 hours. Peak plasma concentrations of 
omeprazole and AUC are approximately proportional to 
doses up to 40 mg, but because of a saturable first-pass ef- 
fect, a greater than linear response in peak plasma concen- 
tration and AUC occurs with doses greater than 40 mg. 
Absolute bioavailability (compared to intravenous adminis- 
tration) is about 30-40% at doses of 20-40 mg, due in large 
part to presystemic metabolism. In healthy subjects the 
plasma half-life is 0.5 to 1 hour, and the total body clearance 
is 500-600 mL/min. Protein binding is approximately 95%. 
The bioavailability of omeprazole increases slightly upon re- 
peated administration of PRILOSEC Delayed-Release 
Capsules. 

Following single dose oral administration of a buffered so- 
lution of omeprazole, little if any unchanged drug was ex- 
creted in urine. The majority of the dose (about 77%) was 
eliminated in urine as at least six metabolites. Two were 
identified as hydroxyomeprozole and the corresponding cur- 
boxylic acid. The remainder of the dose was recoverable in 
feces. This implies a significant biliary excretion of the me- 
tabolites of omeprazole. Three metabolites have been iden- 
tified in plasma — the sulfide and sulfone derivatives of 
omeprazole, and hydroxyomeprazole. These metabolites 
have very little or no antisecretory activity. 
In patients with chronic hepatic disease, the bioavailability 
increased to approximately 100% compared to an I. V. dose, 
reflecting decreased first- pass effect, and the plasma half- 
life of the drug increased to nearly 3 hours compared to the 
half-life in normals of 0.5-1 hour. Plasma clearance aver- 
aged 70 mL/min, compared to a value of 500-600 mL/min in 
normal subjects. 

In patients with chronic renal impairment, whose creati- 
nine clearance ranged between 10 and 62 mL/min/1.73 m* 
the disposition of omeprazole was very similar to that in 
healthy volunteers, although there was a slight increase in 
bioavailability. Because urinary excretion is a primary route 
of excretion of omeprazole metabolites, their elimination 
slowed in proportion to the decreased creatinine clearance. 
The elimination rate of omeprazole was somewhat de- 
creased in the elderly, and bioavailability was increased. 
Omeprazole was 76% bioavailable when a single 40 mg oral 
dose of omeprazole (buffered solution) was administered to 
healthy elderly volunteers, versus 58% in young volunteers 
given the same dose. Nearly 70% of the dose was recovered 

Continued on next page 
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in urine as metabolites of omeprazole and no unchanged 
drug was detected. The plasma clearance of omeprazole was 
250 mL/min (about half that of young volunteers) and its 
plasma half-life averaged one hour, about twice that of 
young healthy volunteers. 

In pharmacokinetic studies of single 20 mg omeprazole 
doses, an increase in AUC of approximately four-fold was 
noted in Asian subjects compared to Caucasians. 
Dose adjustment, particularly where maintenance of heal- 
ing of erosive esophagitis is indicated, for the hepatically 
impaired and Asian subjects should be considered. 
PRILOSEC Delayed -Release Capsule 40 mg was biocquiva 
lent when administered with and without applesauce. How 
ever, PRILOSEC Delayed-Release Capsule 20 mg was not 
bioequivalent when administered with and without apple- 
sauce. When administered with applesauce, a mean 25% re- 
duction in C mnit was observed without a significant change 
in AUC for PRILOSEC Delayed-Release Capsule 20 mg. 
The clinical relevance of this finding is unknown. 
The pharmacokinetics of omeprazole have been investigated 
in pediatric patients of different ages. 

Pharmacokinetic Parameters of Omeprazole Following 
Single and Repeated Oral Administration in Pediatric 
Populations Compared to Adults 



Single or 
Repeated 
Oral Dosing/ 
Parameter 

(ng/mL) 
AUC* 
(ng h/mL) 

C mn , + 
(ng/mL) 
AUC* 
(ng h/mL) 



Children! 
< 20 kg 
2-5 years 
10 mg 



Childrenf 
>20kg 
6-16 years 
20 mg 



Single Dosing 
288 (n=10) 495 (n=49) 



511 (n=7) 



1140 (n=32) 



539 (n=4) 
1179 (n=2) 



Repeated Dosing 

851 (n=32) 



2276 (n=23) 



Adults* 
(mean 76 kg) 
23-29 years 

(n=12) 



1458 
3352 



Note: * » plasma concentration adjusted to an oral dose of 
1 mg/kg. 

tData from single and repeated dose studies 
t Data from a single and repeated dose study 
Doses of 10, 20 and 40 mg Omeprazole as Enteric- 
Coated Granules 

Following comparable mg/kg doses of omeprazole, younger 
children (2-5 years) have lower AUCs than children 6-16 
years or adults; AUCs of the latter two groups did not differ, 
(see DOSAGE AND ADMINISTRATION, Pediatric Pa- 
tients). 

Pharmacokinetics: Combination Therapy with Antimicrobi- 
als 

Omeprazole 40 mg daily was given in combination with 
clarithromycin 500 mg every 8 hours to healthy adult 
male subjects. The steady state plasma concentrations of 
omeprazole were increased (C^, AUCo..^, and T 1/2 
increases of 30%, 89% and 34% respectively) by the concom- 
itant administration of clarithromycin. The observed in- 
creases in omeprazole plasma concentration were associ- 
ated with the following pharmacological effects. The mean 
24-hour gastric pH value was 5.2 when omeprazole was ad- 
ministered alone and 5.7 when co-ad ministered with 
clarithromycin. 

The plasma levels of clarithromycin and 14-hydroxy- 
clarithromycin were increased by the concomitant adminis- 
tration of omeprazole. For clarithromycin, the mean C ma3I 
was 10% greater, the mean C min was 27% greater, and the 
mean AUC^ was 15% greater when clarithromycin was ad- 
ministered with omeprazole than when clarithromycin was 
administered alone. Similar results were seen for 14- 
hydroxy-clarithromycin, the mean C m „ was 45% greater, 
the mean C^,, was 57% greater, and the mean AUC©^ was 
45% greater. Clarithromycin concentrations in the gastric 
tissue and mucus were also increased by concomitant ad- 
ministration of omeprazole. 

Clarithromycin Tissue Concentrations 
2 hours after Dose 1 

Clarithromycin + 
Tissue Clarithromycin Omeprazole 

Antrum 10.48 ± 2.01 (n = 5) 19.96 ± 4.71 (n = 5) 
Fundus 20.81 ± 7.64 (n = 5) 24.25 ± 6.37 (n = 5) 
Mucus 4.15 ± 7.74 (n = 4) 39.29 ± 32.79 (n = 4) 

'Mean ± SD (ug/g) 

For information on clarithromycin pharmacokinetics and 
microbiology, consult the clarithromycin package insert, 
CLINICAL PHARMACOLOGY section. 
The pharmacokinetics of omeprazole, clarithromycin, and 
amoxicillin have not been adequately studied when all three 
drugs are administered concomitantly. 
For information on amoxicillin pharmacokinetics and micro- 
biology, see the amoxicillin package insert, ACTIONS, 
PHARMACOLOGY and MICROBIOLOGY sections. 
Pharmacodynamics 
Mechanism of Action 

Omeprazole belongs to a new class of antisecretory com- 
pounds, the substituted benzimidnzolcs, that do not exhibit 



anticholinergic or H 2 histamine antagonistic properties, but 
that suppress gastric acid secretion by specific inhibition of 
the H7K* ATPasc enzyme system at the secretory surface of 
the gastric parietal cell. Because this enzyme system is re- 
garded as the acid (proton) pump within the gastric mucosa, 
omeprazole has been characterized as a gastric acid-pump 
inhibitor, in that it blocks the final step of acid production. 
This effect is dose-related and leads to inhibition of both 
basal and stimulated acid secretion irrespective of the stim- 
ulus. Animal studies indicate that after rapid disappear- 
ance from plasma, omeprazole can be found within the gas- 
tric mucosa for a day or more. 
Antisecretory Activity 

After oral administration, the onset of the antisecretory ef- 
fect of omeprazole occurs within one hour, with the maxi- 
mum effect occurring within two hours. Inhibition of secre- 
tion is about 50% of maximum at 24 hours and the duration 
of inhibition lasts up to 72 hours. The antisecretory effect 
thus lasts far longer than would be expected from the very 
short (less than one hour) plasma half-life, apparently due 
to prolonged binding to the parietal H7K* ATPase enzyme. 
When the drug is discontinued, secretory activity returns 
gradually, over 3 to 5 days. The inhibitory effect of omepra- 
zole on acid secretion increases with repeated once-daily 
dosing, reaching a plateau after four days. 
Results from numerous studies of the antisecretory effect of 
multiple doses of 20 mg and 40 mg of omeprazole in normal 
volunteers and patients arc shown below. The "max* value 
represents determinations at a time of maximum effect (2-6 
hours after dosing), while "min" values are those 24 hours 
after the last dose of omeprazole. 

Range of Mean Values from Multiple Studies 
of the Mean Antisecretory Effects of Omeprazole 
After Multiple Daily Dosing 

Omeprazole Omeprazole 
Parameter 20 mg 40 mg 

% Decrease in Max Min Max Min 

Basal Acid Output 78* 58-80 94* 80-93 



% Decrease in 




Peak Acid Output 


79* 50-59 88* 62-68 


% Decrease in 




24-hr. Intragastric 


80-97 92-94 


Acidity 





•Single Studies 

Single daily oral doses of omeprazole ranging from a dose of 
10 mg to 40 mg have produced 100% inhibition of 24-hour 
intragastric acidity in some patients. 
Enterochromaffin-like (ECL) Cell Effects 
In 24-month carcinogenicity studies in rats, a dose-related 
significant increase in gastric carcinoid tumors and ECL cell 
hyperplasia was observed in both male and female animals 
(see PRECAUTIONS, Carcinogenesis, Mutagenesis, 
Impairment of Fertility). Carcinoid tumors have also been 
observed in rats subjected to fundectomy or long-term treat- 
ment with other proton pump inhibitors or high doses of H 2 - 
receptor antagonists. 

Human gastric biopsy specimens have been obtained from 
more than 3000 patients treated with omeprazole in long- 
term clinical trials. The incidence of ECL cell hyperplasia in 
these studies increased with time; however, no case of ECL 
cell carcinoids, dysplasia, or neoplasia has been found in 
these patients (see CLINICAL PHARMACOLOGY, Patho- 
logical Hypersecretory Conditions). However, these studies 
are of insufficient duration and size to rule out 
the possible influence of long-term administration of 
omeprazole on the development of any premalignant or ma- 
lignant conditions. 
Serum Gastrin Effects 

In studies involving more than 200 patients, serum gastrin 
levels increased during the first 1 to 2 weeks of once-daily 
administration of therapeutic doses of omeprazole in paral- 
lel with inhibition of acid secretion. No further increase in 
serum gastrin occurred with continued treatment. In com- 
parison with histamine H 2 - receptor antagonists, the me- 
dian increases produced by 20 mg doses of omeprazole were 
higher (1.3 to 3.6 fold vs. 1.1 to 1.8 fold increase). Gastrin 
values returned to pre treatment levels, usually within 1 to 
2 weeks after discontinuation of therapy. 
Other Effects 

Systemic effects of omeprazole in the CNS, cardiovascular 
and respiratory systems have not been found to date. 
Omeprazole, given in oral doses of 30 or 40 mg for 2 to 4 
weeks, had no effect on thyroid function, carbohydrate me- 
tabolism, or circulating levels of parathyroid hormone, Cor- 
tisol, estradiol, testosterone, prolactin, cholecystokinin or 
secretin. 

No effect on gastric emptying of the solid and liquid compo- 
nents of a test meal was demonstrated after a single dose of 
omeprazole 90 mg. In healthy subjects, a single LV. dose of 
omeprazole (0.35 mg/kg) hod no effect on intrinsic factor se- 
cretion. No systematic dose-dependent effect has been ob- 
served on basal or stimulated pepsin output in humans. 
However, when intragastric pH is maintained at 4.0 or 
above, basal pepsin output is low, and pepsin activity is de- 
creased. 

As do other agents that elevate intragastric pH, omeprazole 
administered for 14 days in healthy subjects produced a sig- 
nificant increase in the intragastric concentrations of viable 
bacteria. The pattern of the bacterial species was un- 
changed from that commonly found in saliva. All changes 
resolved within three days of stopping treatment 



The course of Barrett's esophagus in 106 patients was eval- 
uated in a U.S. double-blind controlled study of PRILOSEC 
40 mg b.i.d. for 12 months followed by 20 mg b.i.d. for 12 
months or ranitidine 300 mg b.i.d. for 24 months. No clini- 
cally significant impact on Barrett's mucosa by antisecre- 
tory therapy was observed. Although neosquamous epithe- 
lium developed during antisecretory therapy, complete 
elimination of Barrett's mucosa was not achieved. No signif- 
icant difference was observed between treatment groups in 
development of dysplasia in Barrett's mucosa and no pa- 
tient developed esophageal carcinoma during treatment. No 
significant differences between treatment groups were ob- 
served in development of ECL cell hyperplasia, corpus atro- 
phic gastritis, corpus intestinal metaplasia, or colon polyps 
exceeding 3 mm in diameter (see CLINICAL PHARMA- 
COLOGY, Enterochromaffin-like (ECL) Cell Effects). 
Clinical Studies 
Duodenal Ulcer Disease 

Active Duodenal Ulcer — In a multi-center, double-blind, pla- 
cebo-controlled study of 147 patients with endoscopically 
documented duodenal ulcer, the percentage of patients 
healed (per protocol) at 2 and 4 weeks was significantly 
higher with PRILOSEC 20 mg once a day than with placebo 
(p s 0.01). 

Treatment of Active Duodenal Ulcer 
% of Patients Healed 

PRILOSEC Placebo 
20 mg a.m. a.m. 
(n = 99) (n = 48) 

Week 2 *41 W~ 

Week 4 *75 27 

*(p =s 0.01) 

Complete daytime and nighttime pain relief occurred signif- 
icantly faster (p s 0.01) in patients treated with PRILOSEC 
20 mg than in patients treated with placebo. At the end of 
the study, significantly more patients who had received 
PRILOSEC had complete relief of daytime pain (p < 0.05) 
and nighttime pain (p s 0.01). 

In a multicentcr, double-blind study of 293 patients with en- 
doscopically documented duodenal ulcer, the percentage of 
patients healed (per protocol) at 4 weeks was significantly 
higher with PRILOSEC 20 mg once a day than with raniti- 
dine 150 mg b.i.d. (p < 0.01). 

Treatment of Active Duodenal Ulcer 
% of Patients Healed 

PRILOSEC Ranitidine 
20 mg a.m. 150 mg b.i.d. 

(n = 145) (n = 148) 

Week 2 42 34 

Week 4 *82 63 

*(p < 0.01) 

Healing occurred significantly faster in patients treated 
with PRILOSEC than in those treated with ranitidine 
150 mg b.i.d. (p < 0.01). 

In a foreign multinational randomized, double-blind study 
of 105 patients with endoscopically documented duodenal 
ulcer, 20 mg and 40 mg of PRILOSEC were compared to 
150 mg b.i.d. of ranitidine at 2, 4 and 8 weeks. At 2 and 4 
weeks both doses of PRILOSEC were statistically superior 
(per protocol) to ranitidine, but 40 mg was not superior to 
20 mg of PRILOSEC, and at 8 weeks there was no signifi- 
cant difference between any of the active drugs. 

Treatment of Active Duodenal Ulcer 
% of Patients Healed 
PRILOSEC 



20 mg 
(n = 34) 
*83 
*97 
100 



40 mg 
(n = 36) 
* 83 
♦100 
100 



Ranitidine 
150 mg b.i.d. 
(n = 35) 
53 
82 
94 



Week 2 
Week 4 
Week 8 
*(p < 0.01) 

H. pylori Eradication in Patients with Duodenal Ulcer Dis- 
ease Triple Therapy (PRILOSEC I clarithromycin / amoxicil- 
lin)— -Three U.S., randomized, double-blind clinical studies 
in patients with H. pylori infection and duodenal ulcer dis- 
ease (n = 558) compared PRILOSEC plus clarithromycin 
plus amoxicillin to clarithromycin plus amoxicillin. Two 
studies (126 and 127) were conducted in patients with an 
active duodenal ulcer, and the other study (M 96-44 6) was 
conducted in patients with a history of a duodenal ulcer in 
the past 5 years but without an ulcer present at the time of 
enrollment. The dose regimen in the studies was 
PRILOSEC 20 mg b.i.d. plus clarithromycin 500 mg b.i.d. 
plus amoxicillin 1 g b.i.d. for 10 days; or clarithromycin 
500 mg b.i.d. plus amoxicillin 1 g b.i.d. for 10 days. In stud- 
ies 126 and 127, patients who took the omeprazole regimen 
also received an additional 18 days of PRILOSEC 20 mg q.d. 
Endpoints studied were eradication of H. pylori and duode- 
nal ulcer healing (studies 126 and 127 only). H. pylori sta- 
tus was determined by CLOtest®, histology and culture in 
all three studies. For a given patient, H. pylori was consid- 
ered eradicated if at least two of these tests were negative, 
and none was positive. 

The combination of omeprazole plus clarithromycin plus 
amoxicillin was effective in eradicating H. pylori. 
[See first table at top of next pngel 

Dual Therapy (PRILOSEC /clarithromycin)— Four random- 
ized, double-blind, multi-center studies (M93-067, M93-100, 
M92-812b, and M93-058) evaluated PRILOSEC 40 mg q.d. 
plus clarithromycin 500 mg t.i.d. for 14 days, followed by 
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PRILOSEC 20 mg q.d. (M93-067, M93-100, M93-058) or by 
PRILOSEC 40 mg q.d. (M92-812b) for an additional 14 days 
in patients with active duodenal ulcer associated with H. 
pylori. Studies M93-067 and M93-100 were conducted in the 
U.S. and Canada and enrolled 242 and 256 patients, respec- 
tively. H. pylori infection and duodenal ulcer were confirmed 
in 219 patients in Study M93-067 and 228 patients in Study 
M93-100. These studies compared the combination regimen 
to PRILOSEC and clarithromycin monotherapies. Studies 
M92-812b and M93-058 were conducted in Europe and en- 
rolled 154 and 215 patients, respectively. H. pylon infection 
and duodenal ulcer were confirmed in 148 patients in study 
M92-812b and 208 patients in Study M93-058. These stud- 
ies compared the combination regimen to omeprazole mono- 
therapy. The results for the efficacy analyses for these stud- 
ies are described below. H. pylori eradication was defined as 
no positive test (culture or histology) at 4 weeks following 
the end of treatment, and two negative tests were required 
to be considered eradicated of H. pylori. In the per-protocol 
analysis, the following patients were excluded: dropouts, 
patients with missing H. pylori teste post-treatment, and 
patients that were not assessed for H. pylori eradication be- 
cause they were found to have an ulcer at the end of 
treatment. 

The combination of omeprazole and clarithromycin was ef- 
fective in eradicating H. pylori. 
[See second table above] 

Ulcer healing was not significantly different when clarithro- 
mycin was added to omeprazole therapy compared to 
omeprazole therapy alone. 

The combination of omeprazole and clarithromycin was ef- 
fective in eradicating H. pylori and reduced duodenal ulcer 
recurrence. 

[See third table above) 
Gastric Ulcer 

In a U.S. multicenter, double-blind, study of omeprazole 
40 mg once a day, 20 mg once a day, and placebo in 520 pa- 
tients with endoscopically diagnosed gastric ulcer, the fol- 
lowing results were obtained. 

Treatment of Gastric Ulcer 
% of Patients Healed 
(All Patients Treated) 
PRILOSEC PRILOSEC 
20 mg q.d. 40 mg q.d. Placebo 
(n = 202) (n = 214) (n = 104) 
._ 556 ** 

82.7** + 



Week 4 
Week 8 



30.8 
48.1 



47.5** 
74.8** 

**(p < 0.01) PRILOSEC 40 mg or 20 mg versus placebo 
*(p < 0.05) PRILOSEC 40 mg versus 20 mg 
For the stratified groups of patients with ulcer size less than 
or equal to 1 cm, no difference in healing rates between 
40 mg and 20 mg was detected at either 4 or 8 weeks. For 
patients with ulcer size greater than 1 cm, 40 mg was sig- 
nificantly more effective than 20 mg at 8 weeks. 
In a foreign, multinational, double-blind study of 602 
patients with endoscopically diagnosed gastric ulcer, 
omeprazole 40 mg once a day, 20 mg once a day, and raniti- 
dine 150 mg twice a day were evaluated. 

Treatment of Gastric Ulcer 
% of Patients Healed 
(All Patients Treated) 
PRILOSEC PRILOSEC Ranitidine 
20 mg q.d. 40 mg q.d. 150 mg b.i.d. 
(n = 200) (n = 187) (n = 199) 

Week 4 63^ 78.1**'" 56.3 

Week 8 81.5 91.4** ** 78.4 

**(p < 0.01) PRILOSEC 40 mg versus ranitidine 
t+ (p < 0.01) PRILOSEC 40 mg versus 20 mg 
Gastroesophageal Reflux Disease (GERD) 
Symptomatic GERD 

A placebo controlled study was conducted in Scandinavia to 
compare the efficacy of omeprazole 20 mg or 10 mg once 
daily for up to 4 weeks in the treatment of heartburn and 
other symptoms in GERD patients without erosive esopha- 
gitis. Results are shown below. . 

% Successful Symptomatic Outcome" 

PRILOSEC PRILOSEC Placebo 

20 mg a.m. 10 mg a.m. a.m. 

All patients 46*-f 31t 13 

(n = 205) (n = 199) (n = 105) 

Patients with 56* t 36f 14 

confirmed GERD (n = 115) (n = 109) (n = 59) 
■Defined as complete resolution of heartburn 
*(p < 0.005) versus 10 mg 
ftp < 0.005) versus placebo 

Erosive Esophagitis 

In a U.S. multicenter double-blind placebo controlled study 
of 20 mg or 40 mg of PRILOSEC Delaycd-Release Capsules 
in patients with symptoms of GERD and endoscopically di- 
agnosed erosive esophagitis of grade 2 or above, the percent- 
age healing rates (per protocol) were as follows: 



Week 
4 
8 



20 mg 
PRILOSEC 
(n a 83) 
39** 
74* 



40 mg 
PRILOSEC 
(n = 87) 
45** 
75** 



Placebo 
(n = A'3) 
7 
14 



**(p < 0.01) PRILOSEC versus placebo. 
In this study, the 40 mg dose was not superior to the 20 mg 
dose of PRILOSEC in the percentage healing rate. Other 



Per-Protocol and Intent-to-Treat H. pylori Eradication Rotes 
% of Patients Cured [95% Confidence Intervall 





PRILOSEC +clarithromycin 
■famoxicillin 


Clarithromycin +amoxicillin 




Per-Protocolt Intent-to-Treatt 


Per-Protocblt 


Intent-to-Treatt 


Study 126 
Study 127 
Study M96-446 


*77 [64, 861 *69 [57, 791 
(n = 64) (n = 80) 

*78 |67, 881 *73 [61, 821 
(n = 65) (n = 77) 

*90 [80, 96] *83 (74, 91] 
(n » 69) (n = 84) 


43 131, 56] 
(n * 67) 

41 [29, 54] 
(n = 68) 

33 124, 44] 
(n = 93) 


37 [27, 481 
• (n = 84) 
36 [26, 471 

(n = 83) 
32 [23, 42] 

(n = 99) 


tPatients were included in the analysis if they had confirmed duodenal ulcer d.sease (act e sumie 
history of ulcer within 5 years, study M96-446) and H. pylon infection at baseline defined as at leas ; two of- ^ ^itive 
endoscopic tests from CLOtest®, histology, and/or culture. Patients were included in the analysis if they completed the study 
AddiSy f patients dropped out of the study due to an adverse event related to the study drug, rtiey were included m the 
analysis assures of therapy. The impact of eradication on ulcer recurrence has not been assessed ,n patients with a past 

Jpatote f were' included in the analysis if they had documented H. pylori infection at baseline and had confirmed duodenal 

ulcer disease. All dropouts were included as failures of therapy. 

*(p < 0.05) versus clarithromycin plus amoxicillin. " 




H. pylori Eradication Rates (Per-Protocol Analysis at 4 to 6 Weeks) 
% of Patients Cured [95% Confidence Intervall 





PRILOSEC + 




Clarithromycin 


U.S. Studies 


74 [60. 851tt 


Study M93-067 


(n = 53) 


Study M93-100 


64 (51, 76)t* 


(n = 61) 


Non U.S. Studies 


83 [71. 921* 


Study M92-812b 


(n = 60) 


Study M93-058 


74 [64, 83|* 


(n = 86) 



PRILOSEC 


Clarithromycin 


0 [0, 7] 


31 [18,47] 


(n = 54). 


(n = 42) 


0 [0, 6] 


39 [24, 55] 


(n = 59) 


(n = 44) 


1 [0. 71 


N/A 


(n = 74) 




1 10, 61 


. N/A 


(n = 90) 





t Statistically significantly higher than clarithromycin monotherapy (p < 0 05) 
X Statistically significantly higher than omeprazole monotherapy (p < 0.05) 



Duodenal Ulcer Recurrence Rates by H. pylon Eradication Status 
% of Patients with Ulcer Recurrence 



H. pylori 
eradicated* 



H. pylori not 
eradicated* 



U.S. Studiest 



6 months post-treatment 
Study M93-067 

Study M93-100 


*35 
(n = 49) 

*8 
(n = 53) 


60 
(n = 88) 

60 
(n = 106) 


Non U.S. Studies* 

6 months post-treatment 
Study M92-812b 

Study M93-058 


*5 
(n = 43) 
*6 

(n = 53) 


46 
(n = 78) 

43 
(n = 107) 


12 months post-treatment 
Study M92-812b 


*5 

(n = 39) 


68 

(n « 71) 



' H pylori eradication status assessed at same timepoint as ulcer recurrence 

t Combined results for PRILOSEC + clarithromycin, PRILOSEC, and clarithromycin treatment arms 

* Combined results for PRILOSEC + clarithromycin and PRILOSEC treatment arms 

*(p s 0 01) versus proportion with duodenal ulcer recurrence who were not H. pylon eradicated 



controlled clinical trials have also shown that PRILOSEC is 
effective in severe GERD. In comparisons with histamine 
H 2 -receptor antagonists in patients with erosive esophagi- 
tis, grade 2 or above, PRILOSEC in a dose of 20 mg was 
significantly more effective than the active controls. Com- 
plete daytime and nighttime heartburn relief occurred sig- 
nificantly faster (p < 0.01) in patients treated with 
PRILOSEC than in those taking placebo or histamine H r 
receptor antagonists. 

In this and five other controlled GERD studies, significantly 
more patients taking 20 mg omeprazole (84%) reported com- 
plete relief of GERD symptoms than patients receiving pla- 
cebo (12%). 

Long Term Maintenance Treatment of Erosive Esophagitis 
In a U.S. double-blind, randomized, multicenter, placebo 
controlled study, two dose regimens of PRILOSEC were 
studied in patients with endoscopically confirmed healed 
esophagitis. Results to determine maintenance of healing of 
erosive esophagitis arc shown below. 

Life Table Analysis 

PRILOSEC 
PRILOSEC 20 mg 3 days 



20 mg q.d. 
(n = 138) 



per week 
(n = 137) 



Placebo 
<n = 131) 



Percent in 
endoscopic 
remission at 

6 months *70 34 11 

*(p < 0.01) PRILOSEC 20 mg q.d. versus PRILOSEC 
20 mg 3 consecutive days per week or placebo. 



In on international multicenter double-blind study, 
PRILOSEC 20 mg daily and 10 mg daily were compared to 
ranitidine 150 mg twice daily in patients with endoscopi- 
cally confirmed healed esophagitis. The table below pro- 
vides the results of this study for maintenance of healing of 
erosive esophagitis. 

Life Table Analysis 
PRILOSEC PRILOSEC 



20 mg q.d. 
(n= 131) 



10 mg q.d. 
(n = 133) 



Ranitidine 
150 mg b.i.d. 
(n = 128) 



Percent in 
endoscopic 
remission at 

12 months *77 *58 46 

*(p = 0.01) PRILOSEC 20 mg q.d. versus PRILOSEC 

10 mg q.d. or Ranitidine. 
t(p = 0.03) PRILOSEC 10 mg q.d. versus Ranitidine. 

In patients who initially had grades 3 or 4 erosive esopha- 
gitis, for maintenance after healing 20 mg daily of 
PRILOSEC was effective, while 10 mg did not demonstrate 
effectiveness. 

Pathological Hypersecretory Conditions 
In open studies of 136 patients with pathological hyperse- 
cretory conditions, such as Zollinger-Ellison (ZE) syndrome 
with or without multiple endocrine adenomas, PRILOSEC 
Delayed-Release Capsules significantly inhibited gastric 
acid secretion and controlled associated symptoms of diar- 

Continued on next page 
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rhea, anorexia, and pain. Doses ranging from 20 mg every 
other day to 360 mg per day maintained basal acid secretion 
below 10 mEq/hr in patients without prior gastric surgery, 
and below 5 mEq/hr in patients with prior gastric surgery. 
Initial doses were titrated to the individual patient need, 
and adjustments were necessary with time in some patients 
(see DOSAGE AND ADMINISTRATION). PRILOSEC was 
well tolerated at these high dose levels for prolonged periods 
(> 5 years in some patients). In most ZE patients, serum 
gastrin levels were not modified by PRILOSEC. However, in 
some patients serum gastrin increased to levels greater 
than those present prior to initiation of omeprazole therapy. 
At least 11 patients with ZE syndrome on long-term treat- 
ment with PRILOSEC developed gastric carcinoids. These 
findings are believed to be a manifestation of the underlying 
condition, which is known to be associated with such tu 
mors, rather than the result of the administration of 
PRILOSEC (see ADVERSE REACTIONS). 
Microbiology 

Omeprazole and clarithromycin dual therapy and 
omeprazole, clarithromycin and amoxicillin triple therapy 
have been shown to be active against most strains of Heli- 
cobacter pylori in vitro and in clinical infections as described 
in the INDICATIONS AND USAGE section. 
Helicobacter 
Helicobacter pylori 
Pretreatment Resistance 

Clarithromycin pretreatment resistance rates were 3.5% (4/ 
113) in the omeprazole/clarithromycin dual therapy studies 
(M93-0G7, M93-100) and 9.3% (41/439) in omeprazole/ 
clarithromycin/amoxicillin triple therapy studies (126, 127, 
M96-446). 

Amoxicillin pretreatment susceptible isolates (^ 0.25 ug/ 
mL) were found in 99.3% (4367439) of the patients in the 
omcprazolc/clarithromycin/amoxicillin triple therapy stud- 
ies ( 126. 127, M96-446). Amoxicillin pretreatment minimum 
inhibitory concentrations (MICs) > 0.25 pg/mL occurred in 
0.7% (3/439) of the patients, nil of whom were in the 
clarithromycin and amoxicillin study arm. One patient had 
an unconfirmed pretreatment amoxicillin minimum inhibi- 
tory concentration (MIC) of > 256 pg/mL by Etcsfc®. 
iSee table bclowl 

Patients not eradicated of //. pylori following omeprazole/ 
clarithromycin/amoxicillin triple therapy or omeprazole/ 
clarithromycin dual therapy will likely have clarithromycin 
resistant H. pylori isolates. Therefore, clarithromycin sus- 
ceptibility testing should be done, if possible. Patients with 
clarithromycin resistant H. pylori should not be treated 
with any of the following: omeprazole/clarithromycin dual 
therapy, omeprazole/clarithromycin/amoxicillin triple ther- 
apy, or other regimens which include clarithromycin as the 
sole antimicrobial agent. 

Amoxicillin Susceptibility Test Results and Clinical/Bacteri- 
ological Outcomes 

In the triple therapy clinical trials, 84.9% (157/185) of the 
patients in the omeprazole/clarithromycin/amoxicillin treat- 
ment group who had pretreatment amoxicillin susceptible 
MICs (<; 0.25 pg/mL) were eradicated of//, pylori and 15.1% 
(28/185) failed therapy. Of the 28 patients who failed triple 
therapy, 11 had no post-treatment susceptibility test results 
and 17 had post-treatment H. pylori isolates with amoxicil- 
lin susceptible MICs. Eleven of the patients who failed tri- 
ple therapy also had post-treatment H. pylori isolates with 
clarithromycin resistant MICs. 
Susceptibility Test for Helicobacter pylori 
The reference methodology for susceptibility testing of H. 
pylori is agar dilution MICs 1 . One to three microliters of an 
inoculum equivalent to a No. 2 McFarland standard (1 x 
10 7 - 1 X 10 8 CFU/mL for H. pylori) are inoculated directly 
onto freshly prepared antimicrobial containing Mueller- 



Hinton agar plates with 5% aged defibrinated sheep blood 
(a 2 weeks old). The agar dilution plates are incubated at 
35 °C in a microacrobic environment produced by a gas gen- 
erating system suitable for Campylobacters. After 3 days of 
incubation, the MICs are recorded as the lowest concentra- 
tion of antimicrobial agent required to inhibit growth of the 
organism. The clarithromycin and amoxicillin MIC values 
should be interpreted according to the following criteria: 



Clarithromycin MIC (pg/mL)° 


Interpretation 




=s 0.25 


Susceptible 


(S) 


0.5 


Intermediate 


(I) 


2: 1.0 


Resistant 


(R) 


Amoxicillin MIC (pg/mL) 0 '* 


Interpretation 




£ 0.25 


Susceptible 


(S) 



'These are tentative breakpoints for the agar dilution 
methodology and they should not be used to interpret re 
suits obtained using alternative methods. 

h There were not enough organisms with MICs > 0.25 pg/mL 
to determine a resistance breakpoint. 

Standardized susceptibility test procedures require the use 
of laboratory control microorganisms to control the techni- 
cal aspects of the laboratory procedures. Standard clarithro- 
mycin and amoxicillin powders should provide the following 
MIC values: 



Microorganism 



Antimicrobial 

Agent MIC (pg/mLr 1 



//. pylori 
ATCC 43504 
H. pylori 
ATCC 43504 



Clarithromycin 0.016-0.12 (pg/mL) 
Amoxicillin 0.016-0.12 (pg/mL) 



"These are quality control ranges for the agar dilution 
methodology and they should not be used to control test 
results obtained using alternative methods. 



INDICATIONS AND USAGE 
Duodenal Ulcer 

PRILOSEC Delayed- Release Capsules are indicated for 
short-term treatment of active duodenal ulcer. Most pa- 
tients heal within four weeks. Some patients mny require 
an additional four weeks of therapy. 

PRILOSEC Delayed-Release Capsules, in combination with 
clarithromycin and amoxicillin, are indicated for treatment 
of patients with H pylori infection and duodenal ulcer dis- 
ease (active or up to 1-year history) to eradicate H, pylori. 
PRILOSEC Delayed-Release Capsules, in combination with 
clarithromycin, are indicated for treatment of patients with 
H. pylori infection and duodenal ulcer disease to eradicate 
H. pylori. 

Eradication of//, pylori has been shown to reduce the risk of 
duodenal ulcer recurrence (see CLINICAL PHARMACOL- 
OGY, Clinical Studies and DOSAGE AND ADMINISTRA- 
TION). 

Among patients who fail therapy, PRILOSEC with 
clarithromycin is more likely to be associated with the de- 
velopment of clarithromycin resistance as compared with 
triple therapy. In patients who fail therapy, susceptibility 
testing should be done. If resistance to clarithromycin is 
demonstrated or susceptibility testing is not possible, alter- 
native antimicrobial therapy should be instituted. (See Mi- 
crobiology section, and the clarithromycin package insert, 
MICROBIOLOGY section.) 
Gastric Ulcer 

PRILOSEC Delayed-Release Capsules are indicated for 
short-term treatment (4-8 weeks) of active benign gastric 
ulcer (see CLINICAL PHARMACOLOGY, Clinical Studies, 
Gastric Ulcer). 



Clarithromycin Susceptibility Test Results and Clinical/Bacteriological Outcomes 



Clarithromycin Susceptibility Test Results and Clinical/Bacteriological Outcomes" 



Clarithromycin 
Pretreatment Results 



Clarithromycin Post-treatment Results 



H. pylori negative - eradicated 



S" 



H. pylori positive - not eradicated 
Post-treatment susceptibility results 

I 6 R A No MIC 



Dual Therapy - (omeprazole 40 mg q.dJclarithromycin 500 mg t.i.d. for 14 days followed by omeprazole 20 mg q.d. for 
another 14 days) (Studies M93-067, M93-100) 



Susceptible 6 108 


72 


1 




26 


9 


Intermediate 6 1 








1 




Resistant 6 4 








4 




Triple Therapy - (omeprazole 20 mg b.i.d7clarithromycin 500 mg b.i.d./amoxicillin 1 g b.i.d. for 10 days - Studies 126, 
127, M96-446; followed by omeprazole 20 mg q.d. for another 18 days - Studies 126. 127) 


Susceptible 6 171 


153 


7 1 




3 


8 


Intermediate 6 












Resistant 6 - 14 


4 


1 




6 


3 



"Includes only patients with pretreatment clarithromycin susceptibility test results 
Susceptible (S) MIC s 0.25 pg/mL, Intermediate (I) MIC 0.5 - 1.0 pg/mL, Resistant (R) MIC a 2 ug7mL 



Treatment of Gastroesophageal Reflux Disease (GERD) 

Symptomatic GERD 

PRILOSEC Delayed-Release Capsules are indicated for the 
treatment of heartburn and other symptoms associated 
with GERD. 
Erosive Esophagitis 

PRILOSEC Delayed-Release Capsules are indicated for the 
short- term treatment (4-8 weeks) of erosive esophagitis 
which has been diagnosed by endoscopy (see CLINICAL 
PHARMACOLOGY, Clinical Studies). 
The efficacy of PRILOSEC used for longer than 8 weeks in 
these patients has not been established. In the rare instance 
of a patient not responding to 8 weeks of treatment, it may 
be helpful to give up to an additional 4 weeks of treatment 
If there is recurrence of erosive esophagitis or GERD symp- 
toms (eg, heartburn), additional 4-8 week courses of 
omeprazole may be considered. 
Maintenance of Healing of Erosive Esophagitis 
PRILOSEC Delayed-Release Capsules are indicated to 
maintain healing of erosive esophagitis. 
Controlled studies do not extend beyond 12 months. 
Pathological Hypersecretory Conditions 
PRILOSEC Delayed-Release Capsules are indicated for the 
long-term treatment of pathological hypersecretory condi- 
tions (eg, Zollinger-Ellison syndrome, multiple endocrine 
adenomas and systemic mastocytosis). 

CONTRAINDICATIONS 
Omeprazole 

PRILOSEC Delayed-Release Capsules are contraindicated 
in patients with known hypersensitivity to any component 
of the formulation. 
Clarithromycin 

Clarithromycin is contraindicated in patients with a known 
hypersensitivity to any macrolide antibiotic. 
Concomitant administration of clarithromycin with 
cisapride, pimozide, or terfenadine is contraindicated. There 
have been post-marketing reports of drug interactions when 
clarithromycin and/or erythromycin are co-administered 
with cisapride, pimozide, or terfenadine resulting in cardiac 
arrhythmias (QT prolongation, ventricular tnchycardia, 
vent ricular fibrillation, and torsades de pointcs) most likely 
due to inhibition of hepatic metabolism of these drugs by 
erythromycin and clarithromycin. Fatalities have been re- 
ported. (Please refer to full prescribing information for 
clarithromycin before prescribing.) 
Amoxicillin 

Amoxicillin is contraindicated in patients with a history of 
allergic reaction to any of the penicillins. (Please refer to full 
prescribing information for amoxicillin before prescribing.) 

WARNINGS 
Clarithromycin 

CLARITHROMYCIN SHOULD NOT BE USED IN PREGNANT 
WOMEN EXCEPT IN CUNICAL CIRCUMSTANCES WHERE 
NO ALTERNATIVE THERAPY IS APPROPRIATE. IF PREG- 
NANCY OCCURS WHILE TAKING CLARITHROMYCIN, THE 
PATIENT SHOULD BE APPRISED OF THE POTENTIAL HA- 
ZARD TO THE FETUS. (See WARNINGS in prescribing in- 
formation for clarithromycin.) 
Amoxicillin 

SERIOUS AND OCCASIONALLY FATAL HYPERSENSI- 
TIVITY (anaphylactic) REACTIONS HAVE BEEN RE- 
PORTED IN PATIENTS ON PENICILLIN THERAPY. 
THESE REACTIONS ARE MORE LIKELY TO OCCUR IN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HY- 
PERSENSITIVITY AND/OR A HISTORY OF SENSHTV- 
ITY TO MULTIPLE ALLERGENS. BEFORE INITIATING 
THERAPY WITH AMOXICILLIN, CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPER- 
SENSITIVITY REACTIONS TO PENICILLINS, CEPHA- 
LOSPORINS OR OTHER ALLERGENS. IF AN ALLERGIC 
REACTION OCCURS, AMOXICILLIN SHOULD BE DIS- 
CONTINUED AND APPROPRIATE THERAPY INST1- 
TUTED. SERIOUS ANAPHYLACTIC REACTIONS REQUIRE 
IMMEDIATE EMERGENCY TREATMENT WITH EPINEPH- 
RINE. OXYGEN, INTRAVENOUS STEROIDS AND AIRWAY 
MANAGEMENT, INCLUDING INTUBATION, SHOULD ALSO 
BE ADMINISTERED AS INDICATED. (See WARNINGS in 
prescribing information for amoxicillin.) 
Antimicrobials 

Pseudomembranous colitis has been reported with nearly 
all antibacterial agents and may range in severity from mild 
to life-threatening. Therefore, it is important to consider 
this diagnosis in patients who present with diarrhea sub- 
sequent to the administration of antibacterial agents. (See 
WARNINGS in prescribing information for clarithromycin 
and amoxicillin.) 

Treatment with antibacterial agents alters the normal flora 
of the colon and may permit overgrowth of Clostridia. Stud- 
ies indicate that a toxin produced by Clostridium difficile is 

primary cause of "antibiotic-associated colitis." 
After the diagnosis of pseudomembranous colitis has been 
established, therapeutic measures should be initiated. Mild 
cases of pseudomembranous colitis usually respond to dis- 
continuation of the drug alone. In moderate to severe cases, 
consideration should be given to management with fluids 
and electrolytes, protein supplementation, and treatment 
with an antibacterial drug clinically effective against Clos- 
tridium difficile colitis. 

PRECAUTIONS 
General 

Symptomatic response to therapy with omeprazole does not 
preclude the presence of gastric malignancy. 
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Atrophic gastritis has been noted occasionally in gastric 
corpus biopsies from patients treated long-term with 
omeprazole. 

Information for Patients 

PRILOSEC Delayed-Release Capsules should be taken be- 
■ fore eating. Patients should be cautioned that the 
I PRILOSEC Delayed-Release Capsule should not be opened, 
chewed or crushed, and should be swallowed whole. 
For patients who have difficulty swallowing capsules, the 
contents of a PRILOSEC Delayed-Release Capsule can be 
added to applesauce. One tablespoon of applesauce should 
be added to an empty bowl and the capsule should be 
opened. All of the pellets inside the capsule should be care- 
fully emptied on the applesauce. The pellets should be 
mixed with the applesauce and then swallowed immediately 
with a glass of cool water to ensure complete swallowing of 
the pellets. The applesauce used should not be hot and 
should be soft enough to be swallowed without chewing. The 
pellets should not be chewed or crushed. The pellets/apple- 
sauce mixture should not be stored for future use. 
Drug Interactions 
Other 

Omeprazole can prolong the elimination of diazepam, war- 
farin and phenytoin, drugs that art; metabolized by oxida- 
tion in the liver. Although in normal subjects no interaction 
with theophylline or propranolol was found, there have been 
clinical reports of interaction with other drugs metabolized 
via the cytochrome P-450 system (eg, eydosporine, disulli- 
ram, benzodiazepines). Patients should be monitored to de- 
termine if it is necessary to adjust the dosage of these drugs 
when taken concomitantly with PRILOSEC. 
Because of its profound and long lasting inhibition of gastric 
acid secretion, it is theoretically possible that omeprazole 
may interfere with absorption of drugs where gastric pH is 
an important determinant of their bioavailability (eg, keto- 
conazole, ampicillin esters, and iron salts). In the clinical 
trials, antacids were used concomitantly with the adminis- 
tration of PRILOSEC. 
Combination Therapy with Clarithromycin 
Co-administration of omeprazole and clarithromycin have 
resulted in increases in plasma levels of omeprazole, 
clarithromycin, and 14-hydroxy-clarithromycin (see also 
CLINICAL PHARMACOLOGY, Pharmacokinetics: Combi- 
nation Therapy with Antimicrobials). 
Concomitant administration of clarithromycin with 
cisapride, pimozide, or terfenadine is contraindicated. 
There have been reports of an interaction between erythro- 
mycin and astemizole resulting in QT prolongation and 
torsades de pointes. Concomitant administration of erythro- 
mycin and astemizole is contraindicated. Because clarithro- 
mycin is also metabolized by cytochrome P450, concomitant 
administration of clarithromycin with astemizole is not rec- 
ommended, (see also CONTRAINDICATIONS, Clarithro- 
mycin, above. Please refer to full prescribing information for 
clarithromycin before prescribing). 
Carcinogenesis, Mutagenesis, Impairment of Fertility 
In two 24-month carcinogenicity studies in rats, omeprazole 
at daily doses of 1.7, 3.4, 13.8, 44.0 and 140.8 mg/kg/day (ap- 
proximately 4 to 352 times the human dose, based on a pa- 
tient weight of 50 kg and a human dose of 20 mg) produced 
gastric ECL cell carcinoids in a dose-related manner in both 
male and female rats; the incidence of this effect was mark- 
edly higher in female rats, which had higher blood levels of 
omeprazole. Gastric carcinoids seldom occur in the un- 
treated rat. In addition, ECL cell hyperplasia was present 
in all treated groups of both sexes. In one of these studies, 
female rats were treated with 13.8 mg omeprazole/kg/dny 
(approximately 35 times the human dose) for one year, then 
followed for an additional year without the drug. No carci- 
noids were seen in these rats. An increased incidence of 
treatment-related ECL cell hyperplasia was observed at the 
end of one year (94% treated vs 10% controls). By the second 
year the difference between treated and control rats was 
much smaller (46% vs 26%) but still showed more hyperpla- 
sia in the treated group. An unusual primary malignant tu- 
mor in the stomach was seen in one rat (2%). No similar 
tumor was seen in male or female rats treated for two years. 
For this strain of rat no similar tumor has been noted his- 
torically, but a finding involving only one tumor is difficult 
to interpret. A 78-week mouse carcinogenicity study of 
omeprazole did not show increased tumor occurrence, but 
the study was not conclusive. A 26-week p53+/- transgenic 
mouse carcinogenicity study was not positive. 
Omeprazole was not mutagenic in an in vitro Ames Salmo- 
nella typhimurium assay, an in vitro mouse lymphoma cell 
assay and an in vivo rat liver DNA damage assay. A mouse 
micronucleus test at 625 and 6250 times the human dose 
gave a borderline result, as did an in vivo bone marrow 
chromosome aberration test. A second mouse micronucleus 
study at 2000 times the human dose, but with different 
(suboptimal) sampling times, was negative. 
In a rat fertility and general. reproductive performance test, 
omeprazole in a dose range of 13.8 to 138.0 mg/kg/day (ap- 
proximately 35 to 345 times the human dose) was not toxic 
or deleterious to the reproductive performance of parental 
animals. 
Pregnancy 
Omeprazole 
Pregnancy Category C 

Teratology studies conducted in pregnant rots at doses up to 
138 mg/kg/day (approximately 345 times the human dose) 
and in pregnant rabbits at doses up to 69 mg/kg/day (ap- 
proximately 172 times the human dose) did not disclose any 
evidence for a teratogenic potential of omeprazole. 



In rabbits, omeprazole in a dose range of 6.9 to 69.1 mg/kg/ 
day (approximately 17 to 172 times the human dose) pro- 
duced dose-related increases in embryo-lethality, fetnl re- 
sorptions and pregnancy disruptions. In rats, dose- related 
embryo/fetal toxicity and postnatal developmental toxicity 
were observed in offspring resulting from parents treated 
with omeprazole 13.8 to 138.0 mg/kg/day (approximately 35 
to 345 times the human dose). There are no adequate or 
well-controlled studies in pregnant women. Sporadic 
reports have been received of congenital abnormalities 
occurring in infants born to women who have received 
omeprazole during pregnancy. Omeprazole should be used 
during pregnancy only if the potential benefit justifies the 
potential risk to the fetus. 
Clarithromycin 

Pregnancy Category C. See WARNINGS (above) and full 
prescribing information for clarithromycin before using in 
pregnant women. 
Nursing Mothers 

It is not known whether omeprazole is excreted in human 
milk. In rats, omeprazole administration during late gesta- 
tion and lactation at doses of 13.8 to 138 mg/kg/day (35 to 
345 times the human dose) resulted in decreased weight 
gain in pups. Heouise many drugs are excreted in human 
milk, because of the potential for serious adverse reactions 
in nursing infants from omeprazole, and because of the po- 
tential for t ii mori gen i city shown for omeprazole in rot car- 
cinogenicity studies, a decision should l>e made whetlu-r tn 
discontinue nursing or to discontinue the drug, taking into 
account the importance of the drug to the mother. 
Pediatric Use 

The safety and effectiveness of PRILOSEC have been estab- 
lished in the age group 2 years to 16 years for the treatment 
of acid-related gastrointestinal diseases, including the 
treatment of symptomatic GERD, treatment of erosive 
esophagitis, and the maintenance of healing of erosive 
esophagitis. The safety and effectiveness of PRILOSEC 
have not been established for pediatric patients less than 2 
years of age. Use of PRILOSEC in the age group 2 years to 
16 years is supported by evidence from adequate and well- 
controlled studies of PRILOSEC in adults with additional 
clinical, pharmacokinetic, and safety studies performed in 
pediatric patients (see CLINICAL PHARMACOLOGY, 
Pharmacokinetics and Metabolism: Omeprazole). 
Treatment of Gastroesophageal Reflux Disease (GERD) 
Symptomatic GERD 

In an uncontrolled, open-label study of patients aged 2 
years to 16 years with a history of symptoms suggestive of 
nonerosive GERD, 113 patients were assigned to receive a 
single daily dose of omeprazole (10 mg or 20 mg, based on 
body weight) either as an intact capsule or as an open cap- 
sule in applesauce. Results showed success rates of 60% 
(10 mg omeprazole) and 59% (20 mg omeprazole) in reduc- 
ing the number and intensity of either pain-related symp- 
toms or vomiting/regurgitation episodes. 
Erosive Esophagitis 

In an uncontrolled, open-label dose-titration study, healing 
of erosive esophagitis in pediatric patients aged 1 to 16 
years required doses that ranged from 0.7 to 3.5 mg/kg/day 
(80 mg/day). Doses were initiated at 0.7 mg/kg/day. Doses 
were increased in increments of 0.7 mg/kg/day (if intra- 
esophageal pH showed a pH of < 4 for less than 6% of a 
24-hour study). Affer titration, patients remained on treat- 
ment for 3 months. Forty-four percent of the patients were 
healed on a dose of 0.7 mg/kg body weight; most of the re- 
maining patients were healed with 1.4 mg/kg after an addi- 
tional 3 months' treatment. Erosive esophagitis was healed 
in 51 of 57 (90%) children who completed the first course of 
treatment in the healing phase of the study. In addition, af- 
ter 3 months of treatment, 33% of the children had no over- 
all symptoms, 57% had mild reflux symptoms, and 40% had 
less frequent regurgitation/vomiting. 
Maintenance of Healing of Erosive Esophagitis 
In an uncontrolled, open-label study of maintenance of heal- 
ing of erosive esophagitis in 46 pediatric patients, 54% of 
patients required half the healing dose. The remaining pa- 
tients increased the healing dose (0.7 to a maximum of 
2.8 mg/kg/day) either for the entire maintenance period, or 
returned to half the dose before completion. Of the 46 pa- 
tients who entered the maintenance phase, 19 (41%) had no 
relapse. In addition, maintenance therapy in erosive esoph- 
agitis patients resulted in 63% of patients having no overall 
symptoms. 

Safety , _ 

The safety of PRILOSEC Delayed-Release Capsules has 
been assessed in 310 pediatric patients aged 0 to 16 years 
and 62 physiologically normal volunteers aged 2 years to 16 
years. Of the 310 pediatric patients with acid-related dis- 
ease, a group of 46 who had documented healing of erosive 
esophagitis aaer 3 months of treatment continued on main- 
tenance therapy for up to 749 days. 

PRILOSEC Delayed-Release Capsules administered to pe- 
diatric patients was generally well tolerated with an ad- 
verse event profile resembling that in adults. Unique to the 
pediatric population, however, adverse events of the respi- 
ratory system were most frequently reported in both the 0 
to 2 year and 2 to 16 year age groups (46.2% and 18.5%, 
respectively). Similarly, otitis media was frequently re- 
ported in the 0 to 2 year age group (22.6%), and accidental 
injuries were reported frequently in the 2 to 16 year age 
group (3.8%). 
Geriatric Use 

Omeprazole was administered to over 2000 elderly indi- 
viduals (^.65 years of age) in climcal trials in the US and 



Europe.' There were no differences in safety and effective- 
ness between the elderly and younger subjects. Other re- 
ported clinical experience has not identified differences in 
response between the elderly and younger subjects, but 
greater sensitivity of some older individuals cannot be ruled 
out. 

Pharmacokinetic studies have shown the elimination rate 
was somewhat decreased in the elderly and bioavailability 
was increased. The plasma clearance of omeprazole was 
250 mL/min (about half that of young volunteers) and its 
plasma half-life averaged one hour, about twice that of 
young healthy volunteers. However, no dosage adjustment 
is necessary in the elderly (see CLINICAL PHARMACOL- 
OGY). 

ADVERSE REACTIONS 

PRILOSEC Delayed-Release Capsules were generally well 
tolerated during domestic and international clinical trials in 
3096 patients. 

In the U.S. clinical trial population of 465 patients (includ- 
ing duodenal ulcer, Zollinger-Ellison syndrome and resis- 
tant ulcer patients), the following adverse experiences were 
reported to occur in 1% or more of patients on therapy with 
PRILOSEC. Numbers in parentheses indicate percentages 
of the ndverse experiences considered by investigators as 
possibly, probably or definitely related to the drug: 



Omeprazole 
( n = 4 (>5j 

Headache 6.9 (274) 

Diarrhea 3.0(1.9) 
Abdominal 

Pain 2.4 (0.4) 

Nausea 2.2 (0.9) 

URI 1.9 

Dizziness 1.5(0.6) 

Vomiting 1.5 (0.4) 

Rash 1.5(1.1) 

Constipation 1.1 (0.9) 

Cough 1.1 

Asthenia 1.1(0.2) 

Back Pain 1.1 



Placebo Ranitidine 

(u g M) in = IU5) 

6\3 ~ 7.7(2.6) 

3.1 (1.6) 2.1 (0.5) 



3.1 

3.1 
1.6 
0.0 
4.7 
0.0 
0.0 
0.0 

1.6(1.6) 
0.0 



2.1 

4.1 (0.5) 
2.6 

2.6(1.0) 
1.5 (0.5) 
0.0 
0.0 
1.5 

1.5(1.0) 
0.5 



The following adverse reactions which occurred in 1% or 
more of omeprazole-treated patients have been reported in 
international double-blind, and open-label, clinical trials in 
which 2,631 patients and subjects received omeprazole. 

Incidence of Adverse Experiences s 1% 
Causal Relationship not Assessed 

Omeprazole Placebo 
(n = 2631) (n = 120) 

Body as a Whole, 
site unspecified 
Abdominal pain 5.2 3.3 

Asthenia 1-3 0.8 

Digestive System 
Constipation 1-5 0.8 

. Diarrhea 3.7 2.5 

Flatulence 2.7 5.8 

Nausea 4.0 6.7 

Vomiting 3.2 10.0 

Acid regurgitation 1.9 3 3 

Nervous System /Psychiatric 

Headache 2.9 2.5 

Additional adverse experiences occurring in < 1% of pa- 
tients or subjects in domestic and/or international trials, or 
occurring since the drug was marketed, are shown below 
within each body system. In many instances, the relation- 
ship to PRILOSEC was unclear. 

Body as a Whole: Allergic reactions, including, rarely, 
anaphylaxis (see also Skin below), fever, pain, fatigue, mal- 
aise, abdominal swelling 

Cardiovascular: Chest pain or angina, tachycardia, brady- 
cardia, palpitation, elevated blood pressure, peripheral 
edema 

Gastrointestinal: Pancreatitis (some fatal), anorexia, irri- 
table colon, flatulence, fecal discoloration, esophageal can- 
didiasis, mucosal atrophy of the tongue, dry mouth. During 
treatment with omeprazole, gastric fundic gland polyps 
have been noted rarely. These polyps are benign and appear 
to be reversible when treatment is discontinued. 
Gastro-duodenal carcinoids have been reported in patients 
with ZE syndrome on long-term treatment with 
PRILOSEC. This finding is believed to be a manifestation of 
the underlying condition, which is known to be associated 
with such tumors. 

Hepatic: Mild and, rarely, marked elevations of liver func- 
tion tests [ALT (SGPT), AST (SGOT), ^-glutamyl transpep- 
tidase, alkaline phosphatase, and bilirubin (jaundice)J. In 
rare instances, overt liver disease has occurred, including 
hepatocellular, cholestatic, or mixed hepatitis, liver necrosis 
(some fatal), hepatic failure (some fatal), and hepatic en- 
cephalopathy. 

Metabolic /Nutritional: Hyponatremia, hypoglycemia, 
weight gain 

Musculoskeletal: Muscle cramps, myalgia, muscle weak- 
ness, joint pain, leg pain 

Nervous System /Psychiatric: Psychic disturbances includ- 
ing depression, aggression, hallucinations, confusion, in- 
somnia, nervousness, tremors, apathy, somnolence, anxiety, 
dream abnormalities; vertigo; paresthesia; hemifacial dys- 
esthesia 

Continued on next page 
Consult 2004 POR* supplements and future editions for revisions 
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Respiratory: Epistaxis, pharyngeal pain 
Skin: Rash and, rarely, cases of severe generalized skin re- 
actions including toxic epidermal necrolysis (TEN; some fa- 
tal), Stevens-Johnson syndrome, and erythema multiforme 
(some severe); purpura and/or petechiae (some with rechal- 
lenge); skin inflammation, urticaria, angioedema, pruritus, 
alopecia, dry skin, hyperhidrosis 
Special Senses: Tinnitus, taste perversion 
Urogenital: Interstitial nephritis (some with positive re- 
challenge), urinary tract infection, microscopic pyuria, uri- 
nary frequency, elevated serum creatinine, proteinuria, 
hematuria, glycosuria, testicular pain, gynecomastia 
Hematologic: Rare instances of pancytopenia, agranulocy- 
tosis (some fatal), thrombocytopenia, neutropenia, anemia, 
leucocytosis, and hemolytic anemia have been reported. 
The incidence of clinical adverse experiences in patients 
greater than 65 years of age was similar to that in patients 
65 years of age or less. 

Combination Therapy for H. pylori Eradication 

In clinical trials using either dual therapy with PRILOSEC 
and clarithromycin, or triple therapy with PRILOSEC, 
clarithromycin, and amoxicillin, no adverse experiences pe- 
culiar to these drug combinations have been observed. Ad- 
verse experiences that have occurred have been limited to 
those that have been previously reported with omeprazole, 
clarithromycin, or amoxicillin. 

Triple Therapy (PRILOSEC /clarithromycin /amoxicillin) — 
The most frequent adverse experiences observed in clinical 
trials using combination therapy with PRILOSEC, 
clarithromycin, and amoxicillin (n = 274) were diarrhea 
(14%), taste perversion (10%), and headache (7%). None of 
these occurred at a higher frequency than that reported by 
patients taking the antimicrobial drugs alone. 
For more information on clarithromycin or amoxicillin, refer 
to the respective package inserts, ADVERSE REACTIONS 
sections. 

Dual Therapy (PRILOSEC /clarithromycin) — Adverse ex- 
periences observed in controlled clinical trials using combi- 
nation therapy with PRILOSEC and clarithromycin (n *= 
346) which differed from those previously described for 
omeprazole alone were: Taste perversion (15%), tongue dis- 
coloration (2%), rhinitis (2%), pharyngitis (1%) and flu syn- 
drome (1%). 

For more information on clarithromycin, refer to the 
clarithromycin package insert, ADVERSE REACTIONS 
section. 

OVERDOSAGE 

Reports have been received of overdosage with omeprazole 
in humans. Doses ranged up to 2400 mg (120 times the 
usual recommended clinical dose). Manifestations were 
variable, but included confusion, drowsiness, blurred vision, 
tachycardia, nausea, vomiting, diaphoresis, flushing, head- 
ache, dry mouth, and other adverse reactions similar to 
those seen in normal clinical experience (see ADVERSE RE- 
ACTIONS). Symptoms were transient, and no serious clin- 
ical outcome has been reported when PRILOSEC was taken 
alone. No specific antidote for omeprazole overdosage is 
known. Omeprazole is extensively protein bound and is, 
therefore, not readily dialyzable. In the event of overdosage, 
treatment should be symptomatic and supportive. 
As with the management of any overdose, the possibility of 
multiple drug ingestion should be considered. For current 
information on treatment of any drug overdose, a certified 
Regional Poison Control Center should be contacted. Tele- 
phone numbers are listed in the Physicians' Desk Reference 
(PDR) or local telephone book. 

Single oral doses of omeprazole at 1350, 1339, and 
1200 mg/kg were lethal to mice, rats, and dogs, respectively. 
Animals given these doses showed sedation, ptosis, tremors, 
convulsions, and decreased activity, body temperature, and 
respiratory rate and increased depth of respiration. 

DOSAGE AND ADMINISTRATION 
Short-Term Treatment of Active Ouodenal Ulcer 

The recommended adult oral dose of PRILOSEC is 20 mg 
once daily. Most patients heal within four weeks. Some pa- 
tients may require an additional four weeks of therapy (see 
INDICATIONS AND USAGE). 

H. pylori Eradication for the Reduction of the Risk of Duo- 
denal Ulcer Recurrence 

Triple Therapy (PRILOSEC /clarithromycin /amoxicillin) — 
The recommended adult oral regimen is PRILOSEC 20 mg 
plus clarithromycin 500 mg plus amoxicillin 1000 mg each 
given twice daily for 10 days. In patients with an ulcer pres- 
ent at the time of initiation of therapy, an additional 18 days 
of PRILOSEC 20 mg once daily is recommended for ulcer 
healing and symptom relief. 

Dual Therapy (PRILOSEC /clarithromycin) — The recom- 
mended adult oral regimen is PRILOSEC 40 mg once daily 
plus clarithromycin 500 mg t.i.d. for 14 days. In patients 
with an ulcer present at the time of initiation of therapy, an 
additional 14 days of PRILOSEC 20 mg once daily is recom- 
mended for ulcer healing and symptom relief. 
Please refer to clarithromycin full prescribing information 
for CONTRAINDICATIONS and WARNINGS, and for infor- 
mation regarding dosing in elderly and renally impaired pa- 
tients (see PRECAUTIONS: General, PRECAUTIONS: Ger- 
iatric Use and PRECAUTIONS: Drug Interactions). 
Please refer to amoxicillin full prescribing information for 
CONTRAINDICATIONS and WARNINGS. 



Gastric Ulcer 

The recommended adult oral dose is 40 mg once a day for 
4-8 weeks (sec CLINICAL PHARMACOLOGY, Clinical 
Studies, Gastric Ulcer, and INDICATIONS AND USAGE, 
Gastric Ulcer). 

Gastroesophageal Reflux Disease (GERD) 

The recommended adult oral dose for the treatment of pa- 
tients with symptomatic GERD and no esophageal lesions is 
20 mg daily for up to 4 weeks. The recommended adult oral 
dose for the treatment of patients with erosive esophagitis 
and accompanying symptoms due to GERD is 20 mg daily 
for 4 to 8 weeks (see INDICATIONS AND USAGE). 
Maintenance of Healing of Erosive Esophagitis 
The recommended adult oral dose is 20 mg daily (see CLIN- 
ICAL PHARMACOLOGY, Clinical Studies). 
Pathological Hypersecretory Conditions 
The dosage of PRILOSEC in patients with pathological hy- 
persecretory conditions varies with the individual patient. 
The recommended adult oral starting dose is 60 mg once a 
day. Doses should be adjusted to individual patient needs 
and should continue for as long as clinically indicated. 
Doses up to 120 mg t.i.d. have been administered. Daily dos- 
ages of greater than 80 mg should be administered in di- 
vided doses. Some patients with Zollinger-EIlison syndrome 
have been treated continuously with PRILOSEC for more 
than 5 years. 
Pediatric Patients 

For the treatment of GERD or other acid-related disorders, 
the recommended dose for pediatric patients 2 years of age 
and older is as follows: 



Patient Weight 



<20kg 



>20 kg 



Omeprazole Dose 



10 mg 



20 mg 



On a per kg basis, the doses of omeprazole required to heal 
erosive esophagitis are greater than those for adults. 
For pediatric patients unable to swallow an intact capsule, 
see Alternative Administration Options subsection below. 
Alternative Administration Options 

For patients who have difficulty swallowing capsules, the 
contents of a PRILOSEC Delayed-Release Capsule can be 
added to applesauce. One tablespoon of applesauce should 
be added to an empty bowl and. the capsule should be 
opened. All of the pellets inside the capsule should be care- 
fully emptied on the applesauce. The pellets should be 
mixed with the applesauce and then swallowed immediately 
with a glass of cool water to ensure complete swallowing of 
the pellets. The applesauce used should not be hot and 
should be soft enough to be swallowed without chewing. The 
pellets should not be chewed or crushed. The pellets/apple- 
sauce mixture should not be stored for future use. 
No dosage adjustment is necessary for patients with renal 
impairment or for the elderly. 
PRILOSEC Delayed-Release Capsules should be taken be- 
fore eating. In the clinical trials, antacids were used con 
comitantly with PRILOSEC. 
Patients should be cautioned that the PRILOSEC Delayed- 
Release Capsule should not be opened, chewed or crushed, 
and should be swallowed whole. 

HOW SUPPLIED 

No. 3426 — PRILOSEC Delayed-Release Capsules, 10 mg, 

are opaque, hard gelatin, apricot and amethyst colored 

capsules, coded 606 on cap and PRILOSEC 10 on the body. 

They are supplied as follows: 

NDC 0186-0606-31 unit of use bottles of 30 

NDC 0186-0606-68 bottles of 100 

NDC 0186-0606-28 unit dose packages of 100 

NDC 0186-0606-82 bottles of 1000. 

No. 3440 — PRILOSEC Delayed-Release Capsules, 20 mg, 
are opaque, hard gelatin, amethyst colored capsules, coded 
742 on cap and PRILOSEC 20 on body. They are supplied as 
follows: 

NDC 0186-0742-31 unit of use bottles of 30 
NDC 0186-0742-28 unit dose package of 100 
NDC 0186-0742-82 bottles of 1000. 

No. 3428 — PRILOSEC Delayed-Release Capsules, 40 mg, 

arc opaque, hard gelatin, apricot and amethyst colored 

capsules, coded 743 on cap and PRILOSEC 40 on the body. 

They are supplied as follows: 

NDC 0186-0743-31 unit of use bottles of 30 

NDC 0186-0743-68 bottles of 100 

NDC 0186-0743-28 unit dose packages of 100 

NDC 0186-0743-82 bottles of 1000. 

Storage 

Store PRILOSEC Delayed-Release Capsules in a tight con- 
tainer protected from light and moisture. Store between 
15*C and 30'C (69'F and 86°F). 

REFERENCES 

1. National Committee for Clinical Laboratory Standards. 
Methods for Dilution Antimicrobial Susceptibility Tests 
for Bacteria That Grow Aerobically — Fifth Edition. Ap- 
proved Standard NCCLS Document M7-A5, Vol, 20, No. 
2, NCCLS, Wayne, PA, January 2000. 
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PULMICORT RESPULES® j£ 

\pul-ml-cort\ 

(budesonide inhalation suspension) 
0.25 mg and 0.5 mg 
I£ only 

For inhalation use via compressed air driven jet nebulizers 
only (not for use with ultrasonic devices). Not for injection. 
Read patient instructions before using. 

DESCRIPTION 

Budesonide, the active component of PULMICORT 
RESPULES®, is a corticosteroid designated chemically as 
(RSM10, 16a, 17, 21-tetrahydroxypregna-l, 4-diene-3, 20- 
dione cyclic 16, 17-acetal with butyraldehyde. Budesonide is 
provided as a mixture of two epimers (22R and 22S). The 
empirical formula of budesonide is C^H^Oe and its molec- 
ular weight is 430.5. Its structural formula is: 



CHiOH 
I 

cH ; r.°-°^,^ cH?cH ' cH3 




Budesonide is a white to off-white, tasteless, odorless 
powder that is practically insoluble in water and in hep- 
tane, sparingly soluble in ethanol, and freely soluble in chlo- 
roform. Its partition coefficient between octanol and water 
at pH 7.4 is 1.6 x 10 3 . 

PULMICORT RESPULES is a sterile suspension for inha- 
lation via jet nebulizer and contains the active ingredient 
budesonide (micronized), and the inactive ingredients 
disodium edetate, sodium chloride, sodium citrate, citric 
acid, polysorbate 80, and Water for Injection. Two dose 
strengths are available in single-dose ampules (Respules™ 
ampules): 0.25 mg and 0.5 mg per 2 mL RESPULE ampule. 
For PULMICORT RESPULES, like all other nebulized 
treatments, the amount delivered to the lungs will depend 
on patient factors, the jet nebulizer utilized, and compressor 
performance. Using the Pari-LC-Jet Plus Nebulizer/Pari 
Master compressor system, under in vitro conditions, the 
mean delivered dose at the mouthpiece {% nominal dose) 
was approximately 17% at a mean flow rate of 5.5 L/min. 
The mean nebulization time was 5 minutes or less. 
PULMICORT RESPULES should be administered from jet 
nebulizers at adequate flow rates, via face masks or mouth- 
pieces (see DOSAGE AND ADMINISTRATION). 

CLINICAL PHARMACOLOGY 
Mechanism of Action 

Budesonide is an anti-inflammatory corticosteroid that ex- 
hibits potent glucocorticoid activity and weak mineralocor- 
ticoid activity. In standard in vitro and animal models, 
budesonide has approximately a 200-fold higher affinity for 
the glucocorticoid receptor and a 1000-fold higher topical 
anti-inflammatory potency than Cortisol (rat croton oil ear 
edema assay). As a measure of systemic activity, budesonide 
is 40 times more potent than Cortisol when administered 
subcutaneously and 25 times more potent when adminis- 
tered orally in the rat thymus involution assay. 
The precise mechanism of corticosteroid actions on inflam- 
mation in asthma is not well known. Corticosteroids have 
been shown to have a wide range of inhibitory activities 
against multiple cell types (eg, mast cells, eosinophils, neu- 
trophils, macrophages, and lymphocytes) and mediators (eg, 
histamine, eicosanoids, leukotriencs, and cytokines) in- 
volved in allergic- and non-allergic-mediated inflammation. 
The anti-inflammatory actions of corticosteroids may con- 
tribute to their efficacy in asthma. 

Studies in asthmatic patients have shown a favorable ratio 
between topical anti-inflammatory activities and systemic 
corticosteroid effects over a wide dose range of inhaled 
budesonide in a variety of formulations and delivery sys- 
tems including Pulmicort Turbuhaler® (an inhalation- 
driven, multi-dose dry powder inhaler) and the inhalation 
suspension for nebulization. This is explained by a combi- 
nation of a relatively high local anti-inflammatory effect, ex- 
tensive first pass hepatic degradation of orally absorbed 
drug (85-95%) and the low potency of metabolites (see 
below). 

Pharmacokinetics 

The activity of PULMICORT RESPULES is due to the par- 
ent drug, budesonide. In glucocorticoid receptor affinity 
studies, the 22R form was two times as active as the 22S 
epimer. In vitro studies indicated that the two forms of 
budesonide do not interconvcrt. 

Budesonide is primarily cleared by the liver. In asthmatic 
children 4-6 years of age, the terminal half-life of 
budesonide after nebulization is 2.3 hours, and the systemic 
clearance is 0.5 L/min, which is approximately 50% greater 
than in healthy adults after adjustment for differences in 
weight 

After a single dose of 1 mg budesonide, a peak plasma con- 
centration of 2.6 nmol/L was obtained approximately 20 
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